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Vitamin K, as an Antimicrobial Medicament 
and Preservative*t 


By ROBERTSON PRATT, JEAN DUFRENOY, PETER P. T. SAH, JOHN ONETO, 
DONALD C. BRODIE, SIDNEY RIEGLEMAN, and VIRGINIA L. PICKERING 


Vitamin Kg (2-methyl-4-amino-1-naphthol hydrochloride) is a strong antimicrobial 
agent: a number of pathogenic bacteria and fungi, as well as saprophytic bacterial, 
i. and fungal despoilers of foods, beverages, and other products are markedly in- 

hibited or killed by concentrations of Ks ranging from 10 to 300 parts per million, 
depending on the organism. The low toxicity of Kg suggests its use not only for 
topical treatment of ermatophytic infections but as a preservative for pharmaceuti- 
cals, foods, and beverages. Upon oxidation the compound is subject to discolora- 
tion and, in aqueous solution, forms a flocculent precipitate, but this can be obviated 
by use of appropriate solvents and reducing agents. Vitamin Kg of high purity can 
be prepared in almost quantitative yields from vitamin K 3 (2-methyl-1,4-naphtho- 
quinone ) which, in turn, is obtained by direct oxidation of 2-methyl-naphthalene. 


T# TERM vitamin K, derived from the Ger- groups, also biosynthesize naphthoquinones en 
man expression ‘‘Koagulations-Vitamin,"’ dowed with vitamin K activity; certain strains 
has been applied to the compound recognized by of Mycobacterium tuberculosis produce an anti 
Dam (1) in 1929 as specifically decreasing blood hemorrhagic pigment, phthiocol, related struc- 
clotting time and identified independently by  turally to vitamin K. The members of the K 
Dam (2) and Almquist and Stockstadt (3) in © series have been identified from their degradation 
1935 as 2-methyl 3-phytyl-1,4-naphthoquinone. products as 2-methvl-naphthoquinones with 
With recognition of the fact that other related various groups substituted on carbon 3 and/or 
compounds possess similar antihemorrhagic prop- elsewhere in the molecule. 
erties, this compound was designated vitamin Several analogs of vitamin K have been 
K. synthesized and one of these, 2-methyl-4-amino- 1 
Vitamin K occurs in leafy vegetables and other naphthol hydrochloride (vitamin Ks), has been 
natural sources. Several strains of bacteria, found to be not only a superior antihemorrhagic 
notably of the Bacillus subtilis and B. brevis agent for clinical use, but also to exhibit marked 
inhibitory activity toward a number of parasitic 
and saprophytic microorganisms. The anti 


* Received July 2, 1949, from the University of California or 
College of Pharmacy, San Francisco microbial activities of vitamin Ks, have been 
t This research was supported in part by a generous re- 
search grant from the Cutter Laboratories, Berkeley, Calif 
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A Convenient Laboratory Preparation ot 


Chlorothymol, N. F. Vil 


By DANIEL R. SATRIANA, MANUEL M BAIZER, and KURT S. ELLNER 
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Spasmolytics: Basic Esters of Substituted 
Malonic Acid 


By ARTHUR J. McBAY GLENN L. JENKINS, and JOHN B. DATA 
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Use of the Trypan Blue and Rabbit Eye Tests 
tor Irritation’ 
By JAMES ©. HOPPE, EVELYN B. ALEXANDER, and LLOYD ¢ MILLER 


An objective method has been described tor determining the irritant properties ot 
substances de Siz ved tor parenteral idministration by means of the trypan blue test 
Various concentrations of the substance to be studied are injected intracutaneousls 
into the abdominal skin of the rabbit tollowed by the intravenous injection of 10 
g./KRxg. of trypan blue. Extravasation of the blue dye into the injured areas is inter 
preted according to a table of weighted numerical scores Lhe test results are sum 
narized in terms of the Threshold Irritant Concentration (T. 1. C.) detined as the 
uration expressed in per cent which produces n0 more than a‘'mild” irritation 


mucous membrane test for irritation using the rabbit eve (9) has been extended 

include a simplified and more practical method tor expressing the results in 
terms of the T. I. ¢ The trypan blue response of quinine hydrochloride was not 
tholished by an antihistaminic drug Histamine diphosphate tailed to produce a 


typical trypan blue response in rabbits whereas histamine wheals in the dog st iuned a 
deep blue following the intravenous Injection of trypan blue 
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Captions For 


Figures 7-11 


Fig. 7.—-Duck 716,027. Blood specimen taken on 
eighth day after initial dose ef 1'/. mg./Kg. with 
total phosphorus 6.6 mg. given in 5 doses. An ef- 
fect frequently observed is shown in the early stage 
juvenile erythrocyte (A). “‘Pointing’’ may be seen 
on some mature cells (8B). The cell with the frag- 
mented nucleus (C) is an expected form for this de- 
gree of poisoning. X S800. 


Fig. 8.—Duck 629,719. 
twenty-six hours after single dose, 3 mg./Kg. 
Erythrocyte susceptibility to mechanical distor- 
tion, prominent in advanced chronic and in acute 
poisoning, is seen (D). Degenerative change toward 
formation of curious “‘paint"’ eell shown by three 
cells (E, G, H). XX 800. 


Specimen prepared 


Fig. 9.—Duck 716,026. Blood specimen taken 
on eighth day after initial dose of 1 mg./Kg. with 
total phosphorus 5.4 mg. given in 5 doses. Range 
in forms of juvenile erythrocyte (J, J, K, L) and 
resemblance to large lymphocytes (MM) is shown. 
Mechanical impressibility of lymphocyte wall is 
evident. Deformation of erythrocyte by con- 
striction (O) or yeastlike “budding’’ is surpassed 
only by “pointing” prior to pressure susceptibility. 
800. 


Fig. 10.—From same specimen as Fig. 7. In- 
crease of non-nucleated erythrocyte (/) closely re- 
lated to period of juvenile cell influx appears in ad- 
vanced chronic or acute poisoning. This photo- 
graph also shows two “paint” cells and pressure 
distortion of erythrocytes. X 400. 


Fig. 11.--From same specimen as Fig. 8. The 
increased juvenile erythrocyte content of this field 
is apparent, though all are not clearly differentiated 
(arrows). Juvenile erythrocytes at this stage of 
poisoning constitute approximately 25 to 30°) of the 
total red cells. XX 400. 


monocytes becomes evident by breaking and spill- 
ing in the former and by indentation, wrinkling, 
and “swiped” distortion in the latter. Shrinking of 
small-type lymphocytes and increased density or 
darkening of the nucleus makes differentiation 
from platelets difficult 


RESULTS OF CHEMICAL ANALYSES 


Previous studies (1948)? had shown that the 
phosphorus content of livers from normal ducks was 
appreciably higher than that of livers from birds 
dying as the result of supposed phosphorus poison- 
ing. The data were insufficient to permit definite 
conclusions, but it appeared that chemical analysis 
of tissues might offer a diagnostic test for the detec- 
tion of phosphorus poisoning. Such a test would 
supplement findings by histological examination. 
The present series of tests was conducted in order to 
explore this possibility. 


Unpublished data. 
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RESULTS AND DISCUSSION 


All analytical findings are summarized in Table I. 
Since this table is bulky, interpretation may be 
facilitated by considering various component parts. 

Comparison of Normal and Pathological Tissues. 

The average values (total phosphorus content) 
obtained in all analyses were: 


———Total Phosphorus Content, 
Heart Liver Kidney Muscle 


0.159 0.245 0.197 0.143 
0.227 0.192 0.234 0.180 


Group 
Normals 
Pathologicals 


The phosphorus content of the liver was re- 
duced, and that of the heart and kidneys was in- 
creased as a result of the ingestion of elemental 
phosphorus. When the data were analyzed statis- 
tically, it was found that all differences were sig- 
nificant. (The values for “P’’ were: Heart, less 
than 0.01; kidney, 0.01; liver, 0.03.) The num- 
ber of samples of muscle tissue was too small to 
permit statistical analysis of the data. However, the 
average value of muscle was 26% higher in the case 
of the pathological tissues. 

Having established that a significant difference is 
to be found in the total phosphorus contents of 
normal and pathological and normal tissues, we 
may now examine the effects of different dosage 
levels. First, it may be seen that the acute toxic 
level lies between 1.5 and 3.0 mg./Kg. All birds 
receiving 1.5 mg./Kg. P survived several days, and 
received several doses, while all birds receiving 3 
mg./Kg. P died within a few hours after dosing. 
The analytical findings were : 

Total Phosphorus Content, 
Heart Liver Kidney 
0.159 0.245 0.197 
0. 232 0.180 256 


Group 
Normals 
Pathologicals, 

chronic 

973 2. 564 

(P) Ol Ol Ol 
Pathologicals, 223 200 219 

acute 

(t) 3.978 1.662 

(P) Ol 


939 
+0 01 0.35 


In this case, the differences in total phosphorus 
content of the tissues are significant in the case of 
chronic poisoning, and in the heart and liver in the 


case of acute poisoning. We may conclude, there- 
fore, that a primary effect of phosphorus ingestion 
is a marked increase in the total phosphorus present 
in the heart tissues, and a marked decrease in the 
total phosphorus in the liver. The effect on the 
kidney is less marked, but it appears that the total 
phosphorus content is increased in cases of poisoning 
by this element. 

Other factors studied were the effect of storage 
of the dead birds prior to removal of the tissues, 
and of the storage of the tissues after removal. 
No effects from either treatment could be noted. 

Following the completion of the studies, four 
red-head ducks, supposedly killed by phosphorus 


¢—a test of significance of difference. = 


For a more complete explanation, 
Snedecor’s “Statistical Methods,’ 
State College Press in 1940 


see George Waddel 
published by the lowa 
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HEMOGLOBIN WHITE CELL WEIGHT 
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58-6005 
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bat 
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38-1600! 


The initial point of each graph repre- 
sents the normal or pre-dosage reading. 
Other points are readings during dosing 
with variable time intervals as shown in 
Table 1. 
Plate 1.—-Blood and weight changes observed in 
ducks during experimental phosphorus poisoning 


poisoning, were submitted by the Maryland Game 
Commission. Analysis of the tissues showed the 
total phosphorus contents to be: heart, 0.222°,; 
liver, 0.1247; kidney, 0.168°,. 

Although it is possible that the differences be 
tween species might be sufficient to account for 
variation in these values, as contrasted with those 
found for the mallards and blacks, it appears prob- 
able that these birds also had been killed as the 
result of the ingestion of elemental phosphorus. 


SUMMARY AND CONCLUSIONS 


Black and mallard ducks were found to be 
highly susceptible to phosphorus poisoning, 
though marked individual variation in tolerance 
was shown. Three milligrams of white phosphorus 
per Kg. of body weight given in a single dose re- 
sulted in death of a black duck in six hours. 
black drake survived ten daily dosings of | mg. /- 
Kg. P and was active when sacrificed for tissues 
on the fourteenth day following the initial dose. 

Histopathological tissue changes characteristic 
of phosphorus poisoning in mammals were found 
in both acute and chronic cases. 


One 


Gross tissue 
changes observed in field cases were not dupli- 
Difference in form 
and mode of intake of the phosphorus are be- 
lieved to be the chief reasons for the variations 


cated in experimental birds 


shown. Gross lesions of duodenitis quite consist- 
ently present in field specimens were not found in 
experimental Fatty degeneration of 
muscle tissues, liver, and kidneys was present in 
all cases of phosphorus poisoning. 


cases. 


Pathologic 
changes, both gross and microscopic, indicated 
that all field specimens have been of the acute 
poisoning type. Some pathologic alterations of 
the blood of phosphorus-poisoned ducks are de 
scribed and illustrated. 

Seeming discrepancies between pathological 
findings and chemical analyses previously en- 
countered in phosphorus-poisoned ducks have 
been satisfied. 

Data have been presented showing that diag- 
nosis by chemical analysis of stored tissues in 
cases of phosphorus poisoning can be accurately 
made. 
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Official and Tentative 


ARCHIV DER PHARMAZIE RESUMES PUBLICATION 


After an interval of several years, Archiv der Pharmazie und Berichte der deutschen pharmaseutischen 


Gesellschaft resumted publication with the January, 1950, issue. 


This well-known scientific pharmaceuti- 


cal journal will continue, as in the past, to publish reports of research in pharmaceutical chemistry, pharma- 


cognosy, pharmacology, toxicology, galenical pharmacy, and related fields. 


The resumption of publication 


of Archiv der Pharmacie should be of especial interest to pharmacists in the United States who wish to keep 
informed on pharmaceutical developments in Germany 


The journal will be edited by Professor Friedrich von Bruchhausen, of Braunschweig, and it will be 


published by Verlag Chemie, G.m.b.H., Weinheim, a. d. Bergstrasse 


obtained from either of these sources. 


More detailed information may be 
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Vitamin Stability in Oral Multivitamin Preparations" 


By GEORGE B. STONE 


The stability of the more commonly used vitamins in vitamin concentrates and multi- 
vitamin preparations for oral administration has been studied in a variety of basic 
aqueous solvent mixtures of practical significance under normal storage conditions. 
The overage required for each vitamin under various conditions and in different 
formulations has been indicated in order to determine the excess of each vitamin 
necessary to maintain label declarations for normal storage periods. 


()- of the more apparent trends in the phar- 
maceutical industry with regard to vitamin 
products, which is receiving considerable atten- 
tion by many manufacturers, is the preparation of 
liquid concentrates and multivitamin prepara- 
tions for oral administration. These products are 
employed principally in pediatrics and geriatrics 
where the administration of vitamin concentrate 
and multivitamin tablets and capsules is not 
wholly satisfactory, and often impractical, in 
view of the difficulty frequently encountered in 
having small children or aged patients swallow 
pellets of any description. 

Such preparations are liquid in character and 
water-miscible in order that they may be ad 
mixed with milk, fruit juices, ete., or added to 
The 
usual carriers for these preparations consist of 


semiliquid foods just before consumption. 


aqueous mixtures of propylene glycol, glycerin, 
ethanol, sucrose syrup, and similar solvents com- 
mon to pharmaceutical elixirs and syrups. 
Sherry wine, honey, and corn syrup are sometimes 
found as constituents in the base formulation. 
These materials are employed for their preserva 
tive action in addition to increasing the viscosity 
and lending body to the product. The addition of 
the solvents to these preparations usually does 
not afford an increase in the solubility of the indi- 
vidual vitamins. 

In the preparation of a liquid vitamin con- 
centrate for oral administration the manufacturer 
usually attempts to attain as great a concentra- 
tion of the vitamin in 0.6 cc. of solution as possi- 
ble in order to obtain an effective therapeutic 
dosage. In the multivitamin preparation, the 
MDR (Minimum Daily Requirement) of the 
Federal Food and Drug Administration (1) is 
usually found in 0.6 cc. of solution. 

For the most part the pure crystalline vita- 
mins are employed as a source of the water 


How- 


ever, it is not uncommon for rice bran extract, 


soluble vitamins in these preparations. 


* Received May 24, 1949, from the Technical Service 
Department, Chas. Pfizer & Co., Inc., Brooklyn, N. Y 

+ The author is indebted to Miss Marjory Whitty and Miss 
Martha Karpus for carrying out many of the analytical deter- 
minations, 


liver extract, and other natural vitamin concen- 
trates to be used as sources. As regards the fat- 
soluble vitamins, A, D, and E, the usual natural 
concentrates or synthetic compounds are em- 
ployed. In order to obtain a clear product these 
water-insoluble vitamins are incorporated by the 
use of certain dispersing or emulsifying agents. 

Coloring agents are not generally used. The 
more common flavoring materials, when em- 
ployed, are essential oil of orange and pepper- 
mint. If necessary these products are buffered to 
a pH range of 3.0 to 5.0 using any of the edible 
acids, but citric acid is commonly used when the 
flavoring agent is oil of orange. 

In order to formulate a product of this nature 
it is necessary for the pharmacist or pharmaceuti- 
cal chemist to have available rather specific 
knowledge of the stability and compatibility, as 
well as the solubility, of the vitamins in these 
preparations. Data concerning the solubility of 
most of the vitamins in water and in the usual 
pharmaceutical solvents, as well as in aqueous 
mixtures of the solvents, are available in standard 
reference works (2). The stability of the various 
vitamins in aqueous media has been rather widely 
investigated and reported in the published litera- 
ture (3). However, the stability of the more im- 
portant water-soluble vitamins in preparations of 
this nature has not been reported to any extent in 
the published literature and it is the object of this 
paper to relate the results of such an investigation. 


EXPERIMENTAL 


Propylene glycol and glycerin are the most com- 
mon solvents employed for these preparations. A 
series of seven basic propylene glycol-containing 
solutions were prepared and are indicated in Table I. 
Employing the seven basic solutions, three indi- 
vidual sets of vitamin concentrates and two sets of 
multivitamin preparations were made up as indicated 
in Table IT. 

Sufficient weight of each vitamin was added to the 
solutions with stirring while heating the solution on 
the steam bath in the temperature range from 80- 
100° to yield a final volume of 500 ml. of solution. 
The vitamin C was added last after cooling to well 
below 60°. Since the object was to study the 
stability during storage, the vitamins were weighed 
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: TaBLe |. -Basic SOLUTIONS PREPARED out approximately without attempting to obtain 
= accurately the value indicated in Table Il. After 
Dis. cooling, each solution was filtered brilliantly clear 
Solu- Glycol Glycerin Syrup tilled through a cotton pledget or filter paper and trans- 

— N.F SP. U.S P. Water ferred to 8-ounce amber glass screw-topped bottles 

A 1 pe These containers were stored at about 27° in dif- 

fused light for the periods indicated. At definite in 

) 5 ’ 25 tervals the solutions were examined and assayed for 

E 1) 5O vitamin potency. As time progressed the removal 

F 75 25 of samples increased the head space in the container 

G ww nO as is encountered under practical conditions of 


storage and use. At the end of the study the final 
volume of solution amounted to about one-quarter 
Tanie [l.-—-VrramMin CONCENTRATE AND MULTI of the original volume, leaving a head space equal to 


VITAMIN SOLUTIONS PREPARED approximately three-quarters of the container 
gi volume. The samples removed were assayed for 
——— vitamin potency by standard chemical methods (2) 
Concen 
My DISCUSSION 
No, Solution Vitamin Ce 
1 B, Concentrate Thiamine Hydro- 25 Thiamine Hydrochloride U. S. P.—Under the con- 
chloride U S.P. ditions of the experiment, thiamine hydrochloride 
2 C Concentrate Ascorbic Acid 100 : 


USP U.S. P. appeared to be the least stable of vitamins 


B B.C Concentrate Thiamine Hivdre 25 investigated. The average percentage retention in 
va : ; chioride USP “a the concentrate after a period of a year was about 


v Ascorbic Acid Oo 83°, with a range of 72-03°, (Table III). In the 
i al US.P concentrate with vitamin C the average retention for 
oa 4, B Complex Thiamine Hydro- I* the same period was slightly higher, 84°) and the 
fot chloride U.S.P. range was the same (Table V). Retention values in 
2 jd —— U.S.P = the multivitamin preparation were much lower hav- 
= . iacinamide, $ ing an average value of 45°; with a range of 38-54 
5 BComplexC (Tables: Vil and \ ) Higher retention values 

chloride U.S.P were evident in solutions containing the greater per- 

Riboflavin U.S.P. 2a centage of water and vice versa. The presence of 

i Niacinamide 4° ascorbic acid appeared to result in slightly higher 
; US.P retention values for the thiamine, but the increase 
Ascorbic Acid Bur was too little to be significant. Evidence, in the 

U.S.P form of color development, probably as a result of 


: - . the interaction of the vitamin with the sugar com- 


* Minimum Daily Requirement 
6 Minimum Daily Requirement not vet established. pounds, is to be noted from the results in Table VI. 


oF HyprocuLoripe U.S. P. B, CONCENTRATE (SOLUTION 1) 
0 Week 27 Weeks 52 Weeks 
Reten Mg Reten Mg Reten 
Solu tion, O68 tion 06 tion, 
tion Ce % Ce. % 
i A 100 23.6 87.7 23.1 84.9 
B 100 25.8 22.9 72.7 
100 25.5 86.7 23.3 75.8 
100 24.4 87.7 21.4 77.5 
K 100 6 O54 23.7 91.9 
5.2 99 2 22.7 86.0 
G 100 
* Standard solution found to be incorrect Values obviously too low 
or Ascorsic Acip U.S. P. iy C CONCENTRATE (SOLUTION 2) 
a 0 Weeks 13 Weeks 25 Weeks 
aS Meg Reten Meg Reten Meg Reten- Meg Reten 
¥ Solu tion, 06 tion 06 tion, O68 tion, 
tion Ce % Ce. Ce Ce 
A 92.9 100 92.3 99.3 84.5 8° 76.2 81.8" 
B 100 06.6 100 93.1 98 6 93.5 99.0 
100 94.1 100 95.2 100 97.8 100 
04.7 05.4 100 1 95.1 86.8 91.7 
E 96.9 100 97.8 100 92.0 95.1 90.8 93.7 
F 100 95.1 98.1 92.4 95.4 91.0 93.9 
G 87.0 90.6 80.5 888 


* Precipitation 


é 
—— 


TaBLe VI 


Solu- 
thon 
A 
B 
Cc 
E 
G 


+. very slight yellow tint; 


vellow,; ++ 


+4, 


SCIENTIFIC EDITION 


TABLE V.—STABILITY OF VITAMINS LN B,; C CONCENTRATE (SOLUTION 3) 


CoLork DEVELOPMENT 
AGE OF MULTIVITAMIN SOLUTIONS® 


B, 
Concen 
trate, 

Solu 
tion | 


orange 
dark orange 


Riboflavin U. S. P. 


solution. 


Niacinamide U. S. P. 


C Concentrate, 
Solution 2 
++ + 
TTT 
+++ 
++ 

++ +++ 
+ ++ ++ + 


yellow, ++ 


++, light yellow; +++, 


94.1 
95.9 
93.3 
89.6 
901 
91.2 
05.8 


Mg 
06 


52 Weeks 
Reten 
t jon, 


“Torts 


Ascorbic Acid U. S. 


5 
10 
O85 
100 
97 


DuRING 


B,C 
Concen- 
trate, 
Solu- 
tion 3 


++++4+4 


27 Colorless 
dark 


light orange 


++ 


The stability of the ribo 
flavin in these preparations could not be ascertained 
because of its tendency to precipitate gradually from 


This vitamin appears to be 


relatively stable in this type of preparation and sta- 
bility values indicated an average retention of about 
86°, in the multivitamin preparations after a period 
of a year in storage, with a range from 75-97°,. Re- 


VII 


Week 13 Weeks 
Me Reten- Reten- 
O68 tron tion, 
Ce % 


Solu- 
tion 


tention values were significantly lower in the multi- 
vitamin concentrate containing ascorbic acid, an 
average reduction of 10°) being noted (Tables VII 
and VIII). 

Ascorbic Acid U. S. P.—Ascorbic acid is rather 
stable in preparations of this type. Tables [V and V 
indicate an average retention value after a year in 
the concentrate of about 92°, with a range from 80. 
100°,. In the multivitamin concentrate the reten- 
tion values were lower and averaged 84°; with a 
range from 79-88%, (Table VIII). Conversely to 
the thiamine, formulations containing lesser amounts 
of water yield higher stability values for the ascorbic 
acid and vice versa. Discoloration by yellowing and 
darkening is an important consideration in con- 
centrates containing this factor, and the degree of 
discoloration appears proportional to the percentage 
of water present (Table VI). Discoloration is also 
enhanced by the presence of thiamine. In the multi 
vitamin preparations, due to the yellow color pro- 
duced by the riboflavin, this discoloration problem 
can be eschewed. 

No appreciable differences in the stability of the 
vitamins were noted in the solutions containing 
various solvents or proportions of solvent, except as 
previously noted 


STABILITY OF VITAMINS IN B ComMpLeEX SOLUTION (SOLUTION 4) 


28 Weeks ‘4 Weeks—— 
Reten- 
tion 


Thiamine Hydrochloride, U. S. P. 


89.6 
90.0 
6 


SH 
91 
SN 


100 
100 
100 


0.66 
0.63 
0.65 


Riboflavin U.S. P.* 


58.0 
81.1 
65.3 


100 
100 
100 


97 
ol 
79 


100 
100 
100 


A 3 
B 
Cc 3 


* Loss not attributed to destruction, but to precipitation 


161 
Mg Reten- Meg Reten- Mg Reten- 
Solu 06 tion, 06 tion, o6 tion, 
tion Ce Q% Ce Ce Q% Ce 
Thiamine Hydrochloride U. S. P 
A 25.6 100 24.1 24.2 94.5 24.0 93 
B 26.7 100 25.6 22.2 83.1 20.9 72 
© 25.2 100 23.4 23.8 94.5 23.3 90 
Db 27.0 100 24 25.2 93.3 22.0 77.0 
E 28.4 100 25 24.7 87.0 23.4 78.4 
F 28.4 100 25 25.8 90.0 24.1 82.1 
G 25.8 100 24 25.2 07.7 24.0 93.0 
P 
A 45.4 44.8 “7.2 43.3 93.9 
B 47.1 10 47.8 47.1 100 45.4 
Cc 47.4 100 47.6 48.5 100 47.1 09.4 
D 100 47.3 96.9 43.4 
E 48.7 100 47.7 980 44.6 92.5 
F 49.5 100 48.2 46.0 92.9 43.9 88.6 
G 47.8 100 46.4 43.0 90.0 38.5 80.6 
0 ++4++4 
+ 
++++++ 
++ +++4+4+ 
++ ++++ 
0 ++++ 
+ 
| 
Mg 
Ce 
A 0.96 0 68.8 0.45 416.6 
B 1.01 0 62.4 0.43 43.6 
Cc 0.491 0 71.5 0.42 45.0 
A 1.48 1.12 0.34 17.6 0.19 7.2 
B 2 06 1.67 0.45 21.8 0.31 15.1 
1.93 1 26 0.46 23.8 0.27 1444 
Niacinamide, U. S. P. 
i 3.96 99.8 3.98 100 3.60 89.5 
3.97 991 3.78 93.1 3.62 89.1 
3.77 99.5 3.65 96.3 3.68 97.2 
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Taste oF ViraMins tn B C Soiution (SoLtuTiIon 5) 


13 Weeks Weeks 
Me Reten Mg Reten Meg Reten Mg Reten 
Solu- 06 thon 06 tion, 06 tion 06 tion 


i “4 4 0.638 38.2 
B 0 86H O85 0 62 69.6 0.38 42.7 


Riboflavin U 


A 2 00 Ww 10 75.0 0.32 16.0 0.24 12.0 
B 1.09 55.3 0.49 24.6 0.30 15.3 
: 2 100 5 16.2 


Niacinamide U. 


A +06 100) 3.99 98.3 2.98 74.9 
B +08 100 3.96 97.2 3.36 86.5 
100 3 5 3 


Ascorbic Acid U. S. 


A 26.8 25.5 95.1 23.4 87.4 20.9 
20.5 100 28.4 26.0 23.3 78.9 
= 31.5 100 31.7 100 20 6 94.5 26.8 S48 


* Loss due to precipitation 


Paste IX.--ApPARENT OVERAGES OF VITAMINS 


vitamin concentrates and multivitamin products 
REQUIRED Ligutp VITAMIN PREPARATIONS 


for oral administration has been studied under 


Excess Required, normal conditions of processing and storage. 
trate vitamin y & rhe following percentage of excess ol the 
Thiamine Hydrochloride = 20-40 51M vitamins appear to be required for formulations 
Niacinamide U.S. P 10-20 10-90 of this type in order to maintain label declarations 
Ascorbic Acid U.S. P 15—! 20-40" for a period of one year under practical storage 


conditions, 
" Increase or decrease to be determined by the propor 
tion of water present in the formulation and period of stor- 
age 
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WHO MAKES IT? 


x 


The National Registry of Rare Chemicals, Armour Research Foundation, 33rd, Federal and -arborn 


Streets, Chicago, IIl., seeks information on sources of supply for the following chemicals 


Oxindole Curcumen, natural 


Prodigiosin Kaempferol 
Ulmie acid Quercetagin 
Oxyhemoglobin Daidzin 

Andrenochrom« Laccast 
Hydrohvdrastinine Physodic acid 
u-Catechin Obtusatic acid 
L-Perseitol Conifery! aldehyde 


Myricetin Hemipic acid 
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Production of Rutin from Buckwheat" t 


CHARLES F. KREWSON and JAMES F. COUCH] 


Methods for the extraction and purification of rutin from either greenor dried buck- 
wheat meal are described. The best solvent and extraction time for optimum yields 


of rutin were determined by comparing and evaluating various solvents. 


For the 


green plant ten minutes extraction time with hot 85 per cent isopropyl! alcohol is 
recommended. For buckwheat meal 70 to 85 per cent isopropyl! alcohol, either hot 
or cold, is the most efficient extraction solvent for rutin. 


R's IN quantity for clinical use was first 

produced from flue-cured tobacco in 1942. 
However, as mentioned in a previous publication 
(1) it had previously been identified in tobacco 
by other investigators. In our laboratory it was 
prepared by percolation with ethyl alcohol, a 
procedure similar to that used by Sando and 
Lloyd (10) for the extraction of elder flowers. 
The low yields from an expensive raw material 
led to a search for a more economical source of 
the glucoside. This resulted in the selection of 
buckwheat (5) as the most promising of the 
various plants investigated. As previously men- 
tioned (5) rutin was first isolated from buckwheat 
by Sehunck in 1860. As a matter of historical 
record, rutin from buckwheat was first prepared 
in quantity from the fresh green plant in June, 
1944, by a technique similar to that used for 
flue-cured tobacco. Several articles have since 
been published on production of rutin from buck- 
wheat (3, 4, 8) for the purpose of giving infor- 
mation to manufacturers. The purpose of this 
paper is to describe the methods used for solvent 
extraction of buckwheat and to present some of 
the data on which manufacturing recommenda- 
been The pro 
cedures have been changed from time to time 


tions have based. extraction 
as more knowledge of the chemical and physical 
properties of rutin became available. 

At present, the most widely used method for 
preparing rutin employs hot isopropyl alcohol 
extraction of either fresh green buckwheat or a 
leaf meal obtained by drying the green plant. 
Optimum conditions for production of the leaf 
meal have been described (8). 

Tartary buckwheat has been used for most of 
the experiments reported here because data ob 
tained three growing have 
demonstrated the superiority of this variety over 
other common varieties. 


over seasons (6) 
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EXPERIMENTAL 


Four methods for production of rutin will be 
presented in this paper. They are (a) cold solvent 
extraction of green Tartary buckwheat, (5) cold 
solvent extraction of commercial Japanese buck- 
wheat whole meal, (c) hot solvent extraction of 
green Tartary buckwheat, and (d) hot solvent 
extraction of Tartary buckwheat leaf meal. 

Because of many variables involved in the ex- 
traction and the pressing need for an adequate sup- 
ply of rutin for clinical investigations, few signif- 
icant data on factors influencing yield of rutin 
were obtained from the first fourteen preparations, 
in which from 50 to 500 pounds of fresh plant were 
processed. Results obtained from these experi- 
ments together with solubility data (11) indicated, 
however, that the strength of the solvent was an 
important factor influencing yield. The experi- 
ments under (a) were made to evaluate the ef- 
ficacy of different strengths of ethyl alcohol in ex- 
tracting rutin from the green plant. 


Cold Solvent Extraction of Green Tartary Buck- 
wheat 


Procedure.—Into a 100-gallon stainless steel 
tank were placed 100 pounds of freshly harvested 
green buckwheat plant (minus roots). Previous 
experiments indicated that cutting or chopping the 
plant does not give more efficient extraction; it 
serves only to facilitate packing the plant into a 
tank. A l-inch layer of absorbent cotton covered 
with a 4-inch layer of excelsior placed over the 
valve of the tank previous to addition of the buck- 
wheat served to strain off the dirt. The buckwheat 
was covered with 50 gallons of ethyl alcohol (75% 
by volume), which was circulated at the rate of 
about 6 gallons per minute for four hours. The 
buckwheat was then allowed to macerate overnight. 
The first extract (45.6 gallons) was pumped to the 
evaporator through a small stainless steel filter 
press equipped with 1.5 square feet of heavy filter 
sheets (Republic Seitz Sheet No. K-5 was used’) 
backed with canvas. The marc was covered with 
&) gallons of ethyl alcohol (75°) by volume), and the 
process used in the first extraction was repeated. 

The first extract was evaporated at atmospheric 
pressure to 12 gallons and held overnight before 
the addition of the second extract and washings 
After twenty hours the second extract (47.6 gal 
lons) was withdrawn and filtered. The mare was 
washed twice with 10 gallons of 75°, ethyl alcohol; 
the alcohol was circulated for fifteen minutes each 


' The mention of commercial products does not imply that 
they are endorsed or recommended by the Department of 
Agriculture over others of a similar nature not mentioned. 
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time. These washings and an additional 2 gallons 
used to wash out the filter press were pumped to the 
evaporator with the second extract 

The combined extracts and washings were evap- 
orated to 6 gallons. The concentrate was strained 
through glass wool (2-4) to remove fats? and pumped 
into a stainless steel, steam-heated holding tank 
containing 6 gallons of boiling water. After boiling 
for ten minutes to facilitate agglomeration of fats, 
the concentrate was filtered through 4 square feet of 
heavy filter sheets (K-5) backed with canvas, after 
which the filter press was washed with 2 gallons of 
boiling water 

The filtered solution was allowed to stand in a 
stainless steel tank overnight for rutin to crystallize 
The rutin was then filtered off on heavy canvas, 
slurried in a small quantity of cold water, and re 
filtered. The slurrying was repeated. The crude 
rutin was dried at 110° to constant weight. Anal- 
ysis of the air-dried mare showed no rutin 

This experiment was repeated with menstrua of 
different alcoholic strengths. Table I contains a 
summary of the data obtained 

Discussion..In general, yields of crude rutin, 
were low when cold alcohol was used. The reason 
is not definitely known, but it may be due to the 
failure of cold alcohol to penetrate the cell wall of the 
plant in sufficient quantity to inhibit enzymatic de- 
struction of rutin. The data on ethyl alcohol in the 
extracts (Table 1) lends some support to this idea. 
From the alcohol strength of the extracts, it is evi 
dent that the solvent does not reach equilibrium 
with the water in the plant cells in the extraction 
period of twenty hours. The enzyme system of the 
buckwheat plant is now under investigation in this 
laboratory. 

The best yield of rutin was obtained when cold 
aleohol of 75°, strength by volume was used. This 
is in close agreement with solubility data for rutin 
aleohol-water mixtures. Previous experiments, as 
well as subsequent experiments showed the im 
practicability of extracting buckwheat with solvent 
strength as low as 65°, by volume. This was due to 


The chemical composition of these fats, a by-product in 
the rutin manufacturing industry, will be the subject of an 
other paper 


Paste | 


formation of fat emulsions on evaporation of the ex- 
tracts, which seriously interfered with precipitation 
of rutin 

The data indicate also a slight gain in yield of 
rutin with separate working-up of each extract as 
obtained. This is shown by comparison of Experi- 
ment 166-164 with 166-148. A slight superiority of 
cold isopropyl alcohol over cold ethyl alcohol as an 
extractant is indicated by comparison of Experiment 
166-171 with 166-148. After suitable methods for 
the preparation of a leaf meal with good rutin con 
tent had been developed, (8), studies were made on 
extraction procedures for buckwheat meal. These 
together with those on extraction of the green plant 
led to the selection of isopropyl alcohol for use in 
further studies. In addition to being more ef 
ficient with respect to yield of rutin especially when 
used in hot extraction, it has the added advantage of 
lower cost compared to the denatured alcohols and 
it is less expensive because of its lower heat of 
vaporization, which results in power conservation. 
Moreover, isopropyl alcohol is free of Internal Rev- 
enue restrictions 


Cold-Solvent Extraction of Commercial Japanese 
Buckwheat Whole Meal 


In previous cold-solvent extractions of buckwheat 
meal, approximately 70°, alcohol was indicated by 
solubility data as the most promising solvent. 
Typical of the percolation data are those of Experi- 
ment 166-18 (Tables Il and IIL), in which twenty 
hour extracts were made until the mare was free of 
rutin. In this experiment two 100-gallon stainless 
steel tanks were packed with buckwheat meal 
The meal in the first tank (193.5 pounds or 87.8 Kg. 
was covered with S80 gallons of 70°, ethyl alcohol 
and allowed to macerate overnight. The first ex 
tract of 49 gallons was withdrawn and worked up 
for crude rutin. New solvent was added to cover 
the marc, which was again allowed to stand over 
night. This extract was withdrawn and used, to- 
gether with sufficient additional 70°, alcohol to 
make S80 gallons, to cover the 175 pounds (79.4 Kg 
of meal in the second tank. Fresh solvent was again 
used to cover the marc in the first tank. After 
overnight maceration the extract was withdrawn 


Erriciency or Eruye ar VARIOUS STRENGTHS IN CoLD-SoLVENT EXTRACTION OF 
GREEN TARTARY BUCKWHEAT® 


Rutin in 


$5.4 Ke. of 
Plant 
Based on 
Crude 
Rutin 
kthy! Alcohol Ethyl Alcohol Analysis of Plant Analytical 
Experiment Strength (by Vol in Extracts, ‘ Crude Value), Vield of Crude Rutin 
No Eextr. Extr. 2 Moisture Rutin, M FB Gm Based on Analytical Value 
Gm 
166-128 75 Ho 85.5 199.4 120.0 60.6 
166-154 Sv) 83.6 2.58 191.9 103.9 54.1 
166-140 85 88.5 2.88 192.1 94.1 
166-142 a0 S48 2.97 204.6 80.4 43.7 
166-148 90.5 3.87 166.7 8603 51.8 
166-164" 91.3 3.84 151.6 82.9 54.7 
166-144 100 ow 100 85.9 2.68 171.4 87.5 51.1 
166-150 108 100 82.9 3.39 269.0 140.0 52.0 
166-171 US 006 87.9 3.55 194.8 105.9 54.4 


* 454 Ke. 100 1b. was extracted twice for twenty hours each with ! 


washes 
Extracts were worked up separately for crude rutin 
Isopropyl! alcohol 


)-gallon portions of solvent followed by two 10-gallon 


t 
‘ 
| 
| 


166-18: 
Ethanol 
Withdrawn, 
Extract No Ethanol Used to Cover, Gal Gal 
1 SU 49 
2 SU 28 
3 50 20 
q 30 46 
5 17 17 
6 32 32 
7 34 34 
8 32 32 
a 35 35 
1 25 25 
11 37 37 
i2 37 37 
13 30 30) 
14 40 40) 


Total 559 


TasLe 
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EXTRACTION OF RUTIN FROM JAPANESE. BUCKWHEAT MEAL BY PERCOLA- 
TION WitH 70% Eruyi ALCOHOL 


Extract 
Concentrated Yield of Crude Portion of Total 
to, Gal Rutin, Gm Crude Rutin, % 
+ 1100.0 20.4 
947 17.5 
5 830.0 15.4 
4 915.0 17.0 
4 355.0 6.6 
5 267 4.9 
5 325.0 6.0 
4 250.0 4.6 
3 188.7 3.5 
= 105.0 1.9 
2 69.0 1.3 
2 41.0 O.8 
2 2.5 > 0.1 


5395.2 


EXTRACTION EFFICIENCY OF VARIOUS SOLVENTS IN CoLp SOLVENT EXTRACTION OF JAPANESE 
BucKWHEAT MEAL 


Rutin in 


Meal 

rotal Analysis of (Based on 

Quan Meal, “; Crude Yield of Crude Vield of Refined 

titvof Weight Rutin Rutin Based on Rutin, Based on 
Experi Sol of Crude Anal Crude Rutin, An- Crude Rutin An 
ment vent Meal Mois- Rutin Value) alytical Value alytical Value 

No. Solvent in Extraction Gal Ke ture M P.B Gm Gm % Gm % 

166-18" 70% ethyl alcohol 559 167.2 9.00 2.61 3970.1 5395.2 135.9 2955.2 74.4 
166-42" 70% ethyl alcohol 255° 45.7 6.53 2.47 1055.8 1210.0 114.6 802.4 76.0 
166-46° 70% ethyl alcohol 270" 39.9 685 2.69 9994 1114.1 111.5 764.4 76.5 
166- 70% ethyl alcohol 40" 4.54 6.53 2.66 112.8 120.3/ 106.6 97.9 86.9 
166-57 70% isopropylalecohol 40" 4.54 6.53 2.66 112.8 116.7 1038.5 99.4 88.1 
166-56 70% methyl alcohol 40° 4.54 6.53 2.66 112.8 105.6 93.6 86.8 77.0 
166-82 70% acetone 0.7 0.11 8.60 3.08 3.1 3.4 109.7 2.52 81.8 


* Rutin was refined by recrystallization from boiling water (3, 5) 


pharmaceutical quality 


+ Only 4.0 Gm. rutin was extracted by an additional 70-gallon, twenty-hour extraction 
twenty-hour extraction 
3, 5), not pharmaceutical quality 
No rutin was found in mares 
twenty-hour extraction 

No rutin was found in mare 


No rutin obtained by an additional 70-gallon 


4 Rutin refined by recrystallization from 10°) isopropyl! alcohol 

twenty-hour extraction plus two 5-gallon washings 
Only 2.6 Gm. of additional rutin was obtained by another 10-gallon 

* One 0.7-gallon, twenty-hour extraction plus two 0 2-gallon washings 


* One 30-gallon 


from the second tank to be worked up for crude 
rutin. This process was repeated until an extract 
gave no appreciable rutin on evaporation. Table II 
shows the crude rutin yield by extracts. Crude and 
refined yields are recorded in Table III for com- 
parative purposes. The comparative data show 
that all the available rutin in the meal is extracted 
by this percolation technique. This procedure 
offers a convenient method when countercurrent 
extraction is desirable, and when either quantity of 
solvent available and (or) size of evaporator are 
limiting factors in production of rutin from buck 
wheat meal. Extracts may be withdrawn from per 
colators in convenient quantities and worked up for 
crude rutin at suitable intervals. 

With a higher solvent-to-plant ratio, it was pos 
sible to recover the rutin with fewer extractions 
The following procedure was used when only three 


extractions were made (Experiments 166-42 and 
166-46, Table IIL) 
Procedure.— Into a 1()-gallon stainless steel 


tank® was placed a false bottom consisting of a 4- 


The tank used is rated at 100-gallon capacity but actually 
holds 120 gallons 


to t-inch layer of excelsior, over which a layer of 
cheesecloth was spread and tucked in around the 
edges. The false bottom was anchored with dry 
meal before addition of solvent. Buckwheat meal 
(total, 39.9 Kg.) and 70°, ethyl alcohol (115 gal- 
lons) were then added until the tank was filled. 
The solvent was continuously recirculated from the 
bottom to top of the tank at the rate of about 1 
gallon per minute for twenty hours. This period 
was longer than necessary but was used as a con- 
venient day-to-day working period. This action 
pumps the unsereened fines to the top of the tank 
and makes a filter bed of the meal, so that the extract 
soon becomes clear and filtration of the extract be- 
fore it is transferred to the evaporator is unneces- 
sary. After twenty hours the extract (approxi 
mately 85 gallons) was drawn off and evaporated to 
& to 10 gallons at atmospheric pressure. The boil- 
ing concentrate was strained through glass wool and 
then filtered through heavy paper sheets (K-5). The 
filtrate and washings were allowed to stand for 
twenty hours for rutin to crystallize. The crude 
product was filtered off on heavy canvas, slurried 
with cold water, refiltered, and washed with small 
portions of cold water. The dry weight of the 
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Yrevp or Rutin in Hor lsopropyt ALCOHOL EXTRACTION OF GREEN TARTARY BUCKWHEAT* 


Rutin in 22.7 


Solvent Analysis of Plant, % Kg. (Based on 
Strength Corrected Corrected 
by Vol.), Rutin, Rutin Analyti Vield of Corrected Rutin 
Experiment No % Moisture M. F. B. cal Value), Gm Gm % 
194-121 65 83.3 4.12 102.5 65.7 
194-120 75 87.2 5.40 119.9 76.5 
166-173 SSS 3.93 81.7 81.8 
166-175 85 88.2 3.58 79.7 83.2 
166-18 8&5 86.0 4.16 108.5 82.1 
194-124" 85 88.9 5.00 94.9 75.4 
194-122° 85 80.9 5.19 85.5 71.9 
166-102 82.4 3.06 84.6 69 2 
166-190 98-99 82.4 3.09 79.7 64.6 
22.7 Kg (50 pounds) green buckwheat was extracted 3 times for ten-minute periods with 20, 12, and 12 gallons, respec 


tively, of solvent 
+ First extraction period was sixty minutes 


TABLE \ 


Analysis of Plant, 
Corrected 


© First extraction period was one hundred and twenty minutes 


EFricieNcy oF VARIOUS SOLVENTS IN Hot-So_ventT EXTRACTION OF GREEN TARTARY BucK- 
WHEAT" 


Rutin in 22.7 
Kx. (Based 
on Corrected 


Rutin Analyt 


Rutin, ical Value), Vield of Corrected Rutin 
Experiment No Solvent Moisture M.F.B Gm Gm % 
166-175 85% isopropyl! alcohol 88.2 3.58 05.8 79.7 83.2 
194-128 859% ethyl alcohol 84.1 3.85 138.8 105.0 75 6 
194-125 85% methyl alcohol 86.4 4.54 140.0 83.7 598 
194-129 75% methyl alcohol 86.2 4.76 149.0 73.0 49.0 
194-150" 85% acetone 83.0 3.97 3.37 3.10 92.0 


"22.7 Kg 
of boiling solvent 
+ Analysis of mare showed 21.7% 


© Ome-half Kg. sample was used 


additional rutin 


crude rutin obtained was 705.0 Gm. or 71.4; of the 
total crude rutin obtained from all extracts (Ex 
periment 166-46, Table IIl). The mare was ex- 
tracted two more times for twenty hours each with 
70 gallons of 70°, ethyl aleohol. Each of these ex- 
tracts was evaporated to approximately 6 gallons 
and handled in the same way as the first extract. 
From the second extract was obtained 216.0 Gm. 
or 19.4%), of the total weight of crude rutin; from 
the third extract, 108.1 Gm. or 9.25, by weight of 
the total crude rutin. <A fourth extract yielded no 


rutin 
Discussion. — In Experiments 166-55, 166-57, 166- 
and 166-82 of Table which illustrate the 


use of still higher solvent-to-meal ratios, good re- 
sults were obtained by one extraction followed by 
several washings to remove entrained solvent-bear- 
mg rutin 

Attempts to extract buckwheat meal with strong 
cold have been unsuccessful, and this ex- 
perience, at an early date in the rutin program, dis 
couraged further work with this solvent. However, 
if the meal were first extracted with a fat solvent, 
such the rutin might be extracted with 
Extraction with 70", acetone on a 
16-82, Table IIL) gave a 


weton 


us benzene, 
strong acetone 
small seal 
satisfactory yield 
solvent ts in progress 
No corrected rutin yields are given here because 
the data were obtained before the variability of 
benzene soluble and alcohol-insoluble impurities in 
erude rutin However, data on the 


Further investigation with this 


(Experiment 


was realized 


50 pounds) green plant was extracted three times for ten-minute periods, with 20, 12, and 12 gallons 


respectively 


yield of “refined” rutin are included. The values 
for Experiments 166-18, 166-42, and 166-46 were 
obtained by purifying the manufactured rutin by 
crystallization from boiling water, which produced 
rutin of pharmaceutical quality; those for Experi 
ments 166-55, 166-57, 166-59, and LO6-S2 were ob 
tained by crystallization from 10°, isopropyl alcohol 
(rutin not of pharmaceutical quality). 


Hot-Solvent Extraction of Green Tartary Buck- 

wheat 

Several preliminary experiments were made on hot 
extraction of green buckwheat with strong ethyl 
alcohol (95°, by volume In one, 50 pounds of 
green plant were extracted with 20, 12, and 12 gal 
lons' of boiling alcohol for ten-minute periods 
The yield of crude rutin was 70.4%, as compared 
with 54.7°, for cold alcohol (Experiment 166-164, 
Table 1). When the boiling periods were increased 
to sixty minutes each, the yield was 62.3°, Use of 
85°, isopropanol for thirty-minute boiling periods 
gave a crude rutin yield of 69.35. These pre- 
liminary tests indicated that hot extraction gives a 
higher yield than cold extraction and that possibly 
prolonged contact of hot solvent with green buck 
wheat may result in lower yields 

Table IV summarizes the data of experiments 
plarined to determine the optimum solvent strength 


*A fourth extraction was not necessary because only 07 
Gm. of rutin was obtained in an additional 12-gallon extrac 


tron 
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and heating time for extraction of green Tartary 
buckwheat with isopropyl alcohol. Table V sum- 
marizes the data on the efficiency of several of the 
most promising solvents 

At an early date evidence indicated that crude 
rutin obtained both in the manufacturing process 
and by analysis® contained two main types of im- 
purities in different amounts—‘‘benzene solubles” 
and “alcohol insolubles."’ In these experiments the 
benzene solubles and alcohol insolubles in the 
manufactured rutin ranged from 0.05-3.33°, and 
1.22-7.79°;, respectively, whereas in the analytical 
control samples the range was 0.81-6.33°, and 3.58- 
13.7°;, respectively. Since these impurities showed 
such wide variations, it became essential to correct 
all rutin values before an evaluation could be made 
of the factors affecting yields. Rutin freed of these 
impurities is hereafter referred to as “corrected.” 

The following extraction procedure is typical of 
that used in the experiments presented in Tables IV 
and 

Procedure.—To a 45)-gallon stainless steel, 
steam-heated kettle were added 50 pounds of whole 
freshly harvested buckwheat (minus roots). Suf- 
ficient isopropyl alcohol (85°, by volume) was added 
to cover the plant (20 gallons). The alcohol was 
brought to a boil as rapidly as possible (six minutes 
and held at boiling temperature for ten minutes. 
The first hot extract was drawn off, filtered by pres- 
sure through 2 square feet of heavy filter sheets 
(K-5) backed with canvas, and pumped into an evap- 
orator. Similarly, a second and a third ten-minute 
extract were made; 12 gallons of 85°; isopropyl 
alcohol was enough to cover the marc in each case 
Each extract was worked up separately for crude 
rutin. 

The first extract, approximately 16 gallons, was 
evaporated at atmospheric pressure to 2.5 to 3 gal- 
lons. The boiling concentrate was strained through 
glass wool and filtered through about | square foot 
of heavy filter sheet. The*evaporator and filter were 
washed with 0.5 gallon of boiling water, and the fil- 
trate and washings were immediately cooled by the 
addition of 10 to 15 pounds of crushed ice until the 
temperature was about 5 After cooling, the mix- 
ture containing crude erystallized rutin was allowed 
to stand at low temperature for one hour, after 
which it was filtered off on hard-surfaced paper, 
thoroughly washed with small portions of cold 
water, and dried at 110° to the constant weight of 
64.5 Gm. No further precipitation of rutin oc 
curred after the mother liquors had stood for forty 
eight hour periods in a cold room (temperature 
about 5°) The second and third extracts of ap 
proximately 12 gallons each were evaporated to 
ibout 0.75 gallon, strained, filtered, and cooled with 
about 5 pounds of crushed ice. These solutions were 
allowed to stand for one hour for complete crystal 
lization of crude rutin. The dried crude rutin from 
the second extract weighed 12.0 Gm., and that 
from the third extract, 6.5 Gm. Previous experi 
ence had shown that a fourth extraction was un 
necessary. The entire experiment, from the cut 


>The method used in these analyses, together with addi 
tional data showing the need for correction of the yield of 
crude rutin has been published since the preparation of this 
manuscript Naghski, J.. Fenske C Jr., Krewson, C. F 
and Couch, J. I Determination of Rutin in Plant Mater 
Dept. Ager., Bur. Agr. and Ind. Chem., AIC-236 
Eastern Regional Research Laboratory) August, 1040 
Processed 


ting of the green buckwheat, was completed in a 
single eight-hour working day 

Discussion.._The data in Table IV show that 
85°, isopropyl alcohol and a ten-minute boiling 
extraction period gave the maximum yield of rutin. 
Heating for longer periods, as in Experiments 194- 
124 and 194-122, lowered the yield of rutin. An 
extraction with 55°, alcohol (not shown in the table) 
was highly unsatisfactory because the fats emul- 
sified when the extracts were evaporated. Large 
amounts of salt had to be used to agglomerate the 
fat, and then completeness of crystallization was 
not certain even after forty-eight hours at low tem- 
perature. With low alcohol strength, evaporation of 
solvent was also slow and impracticable, especially 
at atmospheric pressure. 

A breakdown of yields of crude rutin in Experi- 
ment 166-175, which is representative of those ob- 
tained in other experiments with hot-solvent ex- 
traction of green buckwheat, showed that 77.7, 
14.5 and 7.8"; of the total weight of crude rutin was 
present in the first, second, and third extract, 
respectively. It would appear that the last two 
extractions serve only to wash out rutin-bearing 
solution from the mare. It seems reasonably safe 
to assume that complete extraction occurs with one 
ten-minute hot extraction. It has been suggested 
that in commercial operations, if batch extraction 
methods are used, possibly no more than two ex- 
tractions are needed, one of which might be a thor- 
ough hot washing. When a third extraction ap 
pears economically feasible, this extract could be 
used for the first extraction of a new batch. 

Data in Table V indicate the superiority of 85°; 
isopropyl alcohol over ethyl and methyl alcohols for 
the extraction of green buckwheat. The possibili- 
ties of dilute acetone have not been thoroughly in- 
vestigated, but in a preliminary experiment in 
which a 0.5-Kg. sample was used (Experiment 
194-130) 85°, hot acetone appeared promising as a 
solvent for green buckwheat 


Hot-Solvent Extraction of Tartary Buckwheat Leaf 
Meal 
Table VI shows the data for the optimum condi 
tions with regard to the strength of hot solvent and 


‘length of heating time for extraction of buckwheat 


meal. In a preliminary experiment (not included 
in the table) in which hot 70°, methyl alcohol was 
used as a solvent, the corrected yield of rutin was 
60.7°,, only about two-thirds that obtained with 
isopropyl alcohol under similar conditions. The 
technique used in Experiment 194-9 which is typical 
of that recommended for the extraction of leaf meal, 
was as follows 

Procedure. A false bottom was placed in a 5? 
gallon stainless steel, steam-heated kettle, and 5 
pounds of meal were put in to serve as an anchor 
Fifteen gallons of 75°, isopropyl alcohol were 
added, followed by an additional 5 pounds of meal 
The alcohol required seven minutes to reach boiling 
temperature, and the mixture was kept at this 
point for ten minutes. The first extract was pumped 
into the evaporator through 2 square feet of heavy 
paper sheets (K-5) backed with canvas. One 
gallon of 75°, isopropyl alcohol was used to wash the 
filter press free of the first extract solution. The 12 
gallons (approximate) of extract obtained were evap 
orated at atmospheric pressure to 2 gallons. Three 
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TaBLe VI.-- EXTRACTION EFFICIENCY OF VARIOUS STRENGTHS OF SOLVENT AND Errect OF BorLinG Time 


on Yrecp or Rutrin tn Hor lsopropy, ALconot EXTRACTION OF TARTARY BUCKWHEAT LEAF MBAL* 


Benzene Alcohol 
Solvent Vield of Crude Solubles Insol 
Strength Rutin, Based on in ubles 
by Crude Rutin Crude in Crude Corrected Vield of 
Experiment Vol Analytical Value Rutin Rutin Rutin Crude Rutin in Marc, by Analysis 
194-19 55 185.3 07.6 16.92 12.08 131.7 74.3 3.18 1.79 
194-17 183.5 6.7 0.51 49 167.0 94.2 2.84 1.60 
104-24 70 «98.5 0.13 6 72 174.2 1.65 0.93 
194-5° 75 1 0.09 5 46 05.0 5.52 3.11 
194-0 75 185.4 97.7 5.19 175.6 6. 90° 3.00 
194-134 75 W770 93.3 0.06 4.63 168 7 95.2 None found None found 
194-15 85 175.8 92.6 0.09 O98 99.1 8.70 1.91 
194-27 ow 132.3 7 0.08 0.45 131.6 74.2 24.8 
194-25 41.9 22.1 0.29 3.04 10.5 22.8 137.2 77.4 
* 4.54 Kg. (10 pounds) of meal was extracted three times for ten-minute periods with 15, 6, and 6 gallons, respectively, of 


boiling solvent Meal analyzed 8.10°) moisture 
insolubles. Corrected yield of rutin is 4.30 


4.55°> crude rutin 


Rutin contained 5 16°) benzene solubles, 0.36 alcohol 


6 Ten gallons of solvent instead of 15 gallons was used for first extract 


© Obtained by two additional 6-galion extractions 


gallons of boiling water were added, and boiling was 
continued for fifteen minutes. An additional gallon 
of boiling water was added, and the boiling con- 
centrate was strained through glass wool and fil- 
tered through heavy filter sheets; about 2 square 
feet of filtering area were used. The equipment 
was washed out with a small quantity of boiling 
water. To the hot filtrate and washings (about 
5'/, gallons) were added 20 pounds of crushed ice 
After one hour, the crude rutin was filtered off on 
hard-surfaced paper, washed three times with 0.25 
gallon portions of cold water and dried at 110° to a 
constant weight of 138.0 Gm 

A second extract was made with 6 gallons of 75°; 


4 First extraction period was one hundred and twenty minutes 


yield figures in Table V1, it appears that 85°, is the 
optimum strength to be recommended, although 
any concentration from 70°, to 85°, is practical 
With alcohol of lower strength, fat emulsion dif- 
ficulties are encountered in evaporation of solvent, 
and large amounts of electrolyte must be added to 
break such emulsions. Even so, it will be noticed 
from Experiments 194-19 and 194-17 that with 55°, 
and 65°, isopropyl alcohol extraction the benzene 
solubles and alcohol insolubles in the crude rutin are 
increased with decrease in solvent strength. This 
means that greater difficulty will be encountered in 
refining to a pharmaceutically acceptable product. 
Above 85°, strength, the yield of rutin sharply 


isopropyl alcohol (by boiling for ten minutes) diminishes, which is in close agreement with solubility 
immediately after removal of the first extract data for rutin in boiling isopropyl alcohol-water mix 
This second extract was evaporated to 1 gallon, tures. In extraction of buckwheat meal, heating for 


diluted with 2 gallons of boiling water, boiled for 


fifteen minutes, strained, and filtered. To the 
rutin filtrate (approximately 3 gallons) were added 
10 pounds of crushed ice for rapid cooling. After 


one hour the rutin was filtered off, washed and 
dried at 110° toa constant weight of 37.0 Gm 

A third extract was made by the same technique 
as that described for the second extract. However, 
since this extract contained less rutin, it was evapo 
rated to 0.5 gallon instead of 1 gallon, in order to 
insure complete crystallization of rutin in one hour 
The yield of crude rutin from the third extract was 
10.4 Gm., making the total yield from the three 
extracts 185.4 Gm. Since a total yield of only 5.9 
Gm. was obtained from two additional 6-gallon ex 
tracts, just three extracts were made in all subse 
quent expermments Data for these experiments 
ire included in Table VI rhe entire procedure 
making the three extractions and placing the crud 
rutin in the oven to dry required one working day 

Discussion. Again the necessity for correcting 
the figure for yield of crude rutin of both manu 
factured analytically determined rutin for 
benzene solubles and alcohol insolubles is demon 
strated by the data in Table VI. Reasonable checks 
can be obtained in the extraction of buckwheat meal 
with hot solvent as demonstrated in the extraction 
of green plant with hot solvent, provided corrected 
rutin values are compared 

From the quantity of benzene solubles and alcohol 


and 


insolubles in the crude rutin, together with corrected 


SPECIFIC EXTINCTION COEFFICIENT 


500 550 600 650 
WAVE LENGTH, my 


Fig. 1.-Spectrophotometric curves. 
purified rutin; 3, sample 166-179; C, sample 166- 
16; D, sample 194-9; E, crude rutin. Curves for 
other samples in Table VII fall within limits bounded 

by B, C, and D 


A, highly 


: 
! 
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VII. 


Purity OF SAMPLES OF RUTIN PREPARED BY VARIOUS METHODS OF EXTRACTION* 


Experiment 
No. 


166-175 
166-179 
166-140 
166-128 
194-15 
194-9 
166-46 


Crude Rutin Prepared by — 
Hot 85% isopropy] alcohol extraction of green buckwheat 
Hot 75% isopropyl! alcohol extraction of green buckwheat 
Cold 85% ethyl alcohol extraction of green buckwheat 
Cold 75% ethyl alcohol extraction of green buckwheat 
Hot 85% isopropyl alcohol extraction of leaf meal 
Hot 75% isopropyl! alcohol extraction of leaf meal 
Cold 70% ethyl alcohol extraction of whole meal 


Rutin after Quer- 
cetin,® 
« 


Refining, 
Gm. 
66 QO. 
32 ¢ 0 
73 1. 
33 1 
83 
33 ‘ ¥ 
2.2 


® Purified by recrystallization of 10.0 Gm. of crude rutin from boiling water; 5.0 Gm. of silica gel was used for removal of red 


pigment 
6 Rutin, quercetin, red pigment 


Red pigment in each sample was less than 0.0001"; 
© From recrystallization of 1114 Gm. of crude rutin 


more than ten minutes was not so deleterious to 
rutin yields as it was in extraction of green buck- 
wheat. However, there is a definite loss from pro- 
longed heating; heating a concentrated extract for 
twelve hours resulted in a 14°; loss of crude rutin. 


REFINING CRUDE RUTIN 


Instructions for refining crude rutin have been 
presented in some detail elsewhere (3, 4). Table VII 
gives representative data illustrating the purification 
of rutin to pharmaceutical quality. Samples of 
crude rutin prepared by the various methods of ex- 
traction were purified. The data in Table VII and 
the spectrophotometric curves in Fig. 1 (9) show 
that there was little if any difference in the quality 
of the various crude rutin samples, inasmuch as they 
all yielded rutin of comparable quality when refined 
by the same process. The refining procedure may 
be outlined as follows: 

A sample of dry rutin (dried to constant weight at 
110°), weighing 10.0 Gm., was dissolved in 2 L. of 
boiling water. The boiling solution was filtered 
through a heavy filter sheet (K-5), and the filtrate 
was reheated to boiling. To the boiling solution 
were added, with continuous stirring, 5.0 Gm. of 
silica gel (28-200 mesh), and the boiling was con- 
tinued for five minutes. The solution was filtered 
through a heavy filter sheet (S-3 of Republic Seitz 
Corp.) backed with canvas. The rutin solution was 
cooled and held at a low temperature (5° to 10°) for 
one hour. The refined rutin was then filtered on 
hard-surface paper (preferably rayon) and dried to 
constant weight at 110°. This technique is equally 
applicable to the purification of large quantities of 
rutin, as shown in Experiment 166-46 of Table VII. 

The quantity of rutin which could be recovered 
from the mother liquor after recrystallization of the 
crude product from hot water was determined in 
Experiment 166-46. The 45 gallons were concen- 
trated to about 2 to 3 gallons and cooled, and the 
pH was adjusted with sulfuric acid to 2.5. The cold 
solution was allowed to stand for two hours, and the 
crude rutin was filtered off. The dry weight of this 
crude material was 22.0 Gm. After two-recrystal- 
lizations, required to refine it to pharmaceutical 
quality, 8.4 Gm. of rutin were obtained. 


Not more than a trace of absolute ethanol insoluble impurities was present 
and chlorophyll were determined by the method of Porter, Brice, Copley, and Couch (9). 
chlorophyll! was less than 0.001°; 


SUMMARY 


Hot and cold organic-solvent methods for 
production of rutin from either green buckwheat 
plant or dried buckwheat meal are described. The 
efficiency of various solvents was evaluated, and 
the best solvent strength and extraction time for 
optimum yields of rutin were determined. Ex- 
traction for ten minutes with hot 85% isopropyl 
alcohol is recommended for the green plant, since 
Buckwheat meal 
may be extracted efficiently with either hot or 
cold solvent, although the hot solvent materially 
reduces the processing time; 


cold solvents give lower yields. 


to 85% iso- 
propyl alcohol is preferred. 
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The antibacterial action of stre 
vitro against Escherichia coli is depressed or 
enhanced in the presence of low concentra- 
tions of NaPAS, depending on the concentra- 
tion of the latter, in the nutrient substrate. 
No effect of NaPAS on the action of strepto- 
mycin on E. coli was observed when both 
drugs were permitted to diffuse together from 
a central reservoir on assay plates. 


omycin in 


Pp AMINOSALICYLIC acid (PAS) is rapidly 

gaining recognition as an 
agent, particularly when used in conjunction with 
streptomycin. Some authors have reported an 
additive therapeutic effect of the two drugs on 
tuberculous infections in animals (1) and on 
the tuberculosis organism im vitro (2); others 
have found no such effect (3, 4). While this 
problem remains unsettled, it seems to be well 
established that Mycobacterium tuberculosis does 
not develop resistance to PAS upon continued 


antitubercular 


exposure to the drug or, if so, only when sub- 
jected to high concentrations for a long time and 
then only at a slow rate. Furthermore, develop- 
ment of resistance to streptomycin by Myco. 
tuberculosis is markedly reduced or is prevented 
when the organisms are exposed to appropriate 
PAS and of 
simultaneously (5). These observations appear to 


concentrations of streptomycin 
be substantiated by clinical experience (6, 7). 
PAS against 


other bacteria has also been demonstrated, but 


Bacteriostatic action of various 
the concentration required to effect inhibition is 
many times that required to inhibit Myco. tuber 
(8). 
specificity of action of PAS against Myco. tuber 
culosis is not yet clear, but it may be related to a 
relation between p- 
aminobenzoic acid and PAS (9, 10). 


culosts The physiological basis for the 


metabolite-antimetabolite 


Reported studies of the concomitant action of 
PAS and of streptomycin on bacteria have been 
confined to strains of Myco. tuberculosis. In view 
of the prevalent use of streptomycin for chemo- 
therapy of infections caused by other organisms 
also, it seems of interest to ascertain the effect 
of PAS on the action of streptomycin against 
rhe present paper reports 
observations from one phase of this study in 


some of these species. 
which Escherichia coli was used as the test organ 
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Since the sodium salt (NaPAS) seems to 


ism. 
possess certain pharmaceutical and medical ad- 


vantages over the acid, the salt was used in these 
experiments. 


EXPERIMENTAL 


Assay plates were prepared according to the con- 
ventional cylinder-plate technique; some plates were 
prepared with standard nutrient agar (controls), 
and others with NaPAS incorporated in the nu 
trient agar in concentrations ranging from 0.25 


10-* to 250 K 107° mole/ml. (0.3825 to 382.5 
pg./ml.).! The seeded layer consisted of a 1% 


suspension of a strain of EF. coli originally isolated 
from feces; organisms for inoculation were taken 
from eighteen-hour broth cultures. Streptomycin 
was applied in two concentrations, 100 yg./ml. and 
200 ywg./ml. 

Following incubation at 37° for eighteen hours, 
each cylinder was surrounded by an inhibition zone 
which comprised a clear or “‘bactericidal’’ inner 
area surrounded by a “‘static’’ area. Presumably, 
in the clear zone the organisms did not grow at all, 
or, having grown, were lysed. In the static zone 
the growth of the organisms was partially suppressed, 
but the concentration of antibiotic was not suffi- 
ciently high or the duration of exposure was not 
sufficiently long to completely prevent growth 
Pratt and Dufrenoy have discussed such zones and 
their biochemical significance at length (11). 

The effectiveness of NaPAS in modifying the 
action of streptomycin on the test organisms was 
evaluated in terms of the difference between aver- 
age diameters of inhibition zones (clear + static 
areas) produced by a given concentration of strepto- 
mycin on control plates and on plates containing 
NaPAS. The observations made on untreated 
plates were confirmed by staining with a carbolic 
acid-alcoholic solution of trypan blue followed by 
destaining with an hydro-alcoholic solution of 
orange G according to methods described previ- 
ously (12). 


RESULTS AND DISCUSSION 


Two series of NaPAS and of streptomycin con- 
centrations were studied and each was repeated 
several times in quadruplicate. Averaged results 
of the two series are presented in Table I 

The tabulated data suggest that very low concen 
trations of NaPAS in the medium exert a slight in- 
hibiting effect on the action of streptomycin, while 
somewhat higher concentrations tend to enhance 
the action of streptomycin rhe low concentra- 
tions of NaPAS that were employed appear to rule 
out the possibility that the effects observed can be 


Concentrations are given throughout this paper in terms 


of PAS 


| 
| 
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TABLE I.—-PERCENTAGE DEVIATION IN DIAMETERS 

or INHIBITION ZONES ON NAPAS MeptumM FROM 

DIAMETERS ON THE SAME Mepium WITHOUT 
NaPAS 


Series A 
(Streptomycin 


Series B 
= 100 (Streptomycin = 200 pg./ml.) 


Deviation Deviation 
Conc from Cone from 
NaPAS, Control, NaPAS, Control, 
Moles/ MI. Moles MI 
0.25 xX — 1.5 05xX10-* — 2.1 
10 — 5.6 — 3.7 
2.0 — 2.9 — 89 
25 + 2.0 5.0 & 1078 0.0 
10.0 xX + 3.2 10.0 + 1.9 
25.0 xX 107° +51 +10.6 
+ 6.4 100.0K 107° + 9.3 
100.0 10°58 + 5.6 
250.0 1078 +55.6 


attributed to a “‘salt effect’? such as has been de- 
scribed for a number of ions and cations (13, 14). 

In view of the well-known variations and limits 
of accuracy that may be expected in cylinder-plate 
assays, one might be tempted to attach little signi- 
ficance to differences as smail as some of those 
recorded in the table. However, it should be pointed 
out that the experiment was repeated several times 
and that the same trend was observed cach time. 
The variations were not random; quite the contrary, 
they followed a definite pattern. Therefore, despite 
the low order of magnitude of the differences, we 
consider them significant. Although more data 
would be required for adequate statistical analysis, 
preliminary statistical treatment confirmed these 
conclusions. 

Although the effect of NaPAS on the cellular 
activities of the test organisms in the concentra- 
tions used in these experiments is unknown, there 
was no apparent inhibition of growth due to the 
drug. The minimum concentration of NaPAS that 
noticeably retarded growth was 1.0 X 107° mole/ml. 
(1530 yg./ml.). Therefore, it seems justifiable to 
conclude that the enhancement of the antibacterial 
action of streptomycin even in the presence of the 
highest concentration of NaPAS used cannot be 
attributed to an additive antibacterial effect of 
two agents acting independently. 

The effects of interaction between the chemical 
(NaPAS and streptomycin) and the biological (or- 
ganism) phases of the system studied seemed to be 
confined to the static areas in which the drugs per- 
mitted some growth to occur. The diameters of the 
clear areas in each inhibition zone were monoto- 
nously constant for a given concentration of strepto- 
mycin, regardless of the absence or presence of 
NaPAS in the medium. The enhancement and 
depression effects of NaPAS on the action of strepto- 
mycin were noted only when NaPAS was incorpo- 
rated in the medium; no effect was observed when 
the two drugs were permitted to diffuse simultane- 
ously from the test cylinders. 
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These observations showing a change from de- 
pression of streptomycin activity to enhancement, 
depending on the concentrations of NaPAS, afford 
one more example of the importance of threshold 
and optimal concentrations in studies of the con- 
comitant action of two drugs on microérganisms. 

The mechanism of interaction among PAS, strep- 
tomycin, and E. coli will be discussed in a separate 
report. 


SUMMARY 


A study was made of the effect of sodium 
para-aminosalicylic acid (NaPAS) on the ac- 
tivity of streptomycin in vitro against Escherichia 
coli. Tests were performed by the cylinder- 
plate technique. 

NaPAS incorporated in the agar substrate in 
concentrations of 2 X 10~* moles/ml. or lower in- 
hibited the effectiveness of streptomycin against 
F. coli. whereas at higher concentrations it en- 
hanced the effectiveness of streptomycin. 

Although the magnitude of depression or en- 
hancement was not large (except at a NaPAS 
concentration of 250 K 10~* moles/ml.) the re- 
sults are considered significant, since the dif- 
ferences noted did not vary in a random manner 
but, in repeated trials, always followed a definite 
trend. NaPAS, in concentrations used in these 
experiments, exerted no apparent effect on E. 
coli. 

Work is in progress to elucidate the mecha- 
nisms involved in the interaction between the bio- 
logical system (organism) and the drug system 
(NaPAS plus streptomycin). 
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The color reaction of digitoxin with the 
Baljet reaction has been used in a quantitative 
study. Contrary to the statements of the 
literature, the results in this paper indicate 
the reactivity of digitoxin with the Baljet 


reagent follows Lambert-Beer’s law. 

F« THE quantitative determination of the 

pure digitalis glycosides, the Baljet reaction 
(1), using different modifications of the Kundson- 
Dresbach method (2), was found to be successful 
in the investigations of Lendle and Schmelzer 
(3), Hauschild (4), Neumann (5), Hagemeyer 
(6), Bell and Krantz (7), Anderson and Chen (8), 
and Neuwald (9). The Bell and Krantz method 
has been made the basis for method I, Digitoxin 
Colorimetric Controls, in the U.S. P. XIII. Ina 
series of papers Bell and Krantz (7, 10-12) have 
shown that the reaction of digitoxin and other 
pure digitalis glycosides with alkaline trinitro- 
phenol reagent does not follow Lambert-Beer’s 
law. Therefore U.S. P. XIII directs the prepa- 
ration of a standard digitoxin graph instead of the 
calculation of a standard digitoxin factor which 
is possible if Beer's law is fulfilled. In addition, 
Neumann (5) has stated that the reaction of 
digitalis glycosides with the Baljet reagent does 
not exactly follow Beer's law. In the studies of 
Hagemever (6) it is obvious that the degrees of 
follow the increase of 
Can 
back (13) pointed out that the invalidity of 
the 
In my investiga 


extinction do not lineally 
the concentration of digitoxin solutions. 
Beer's law is a disadvantage of modified 
Knudson-Dresbach method. 
tions of photometric assay of digitalis drugs (9), 
I have also determined the quantitative behavior 
of numerous pure digitalis glycosides and aglu 
cones in the Knudson. Dresbach method, moditied 
by using a photometer with a spectral filter of 490 
to the 
investigators, I 


my (maximum transmission). Contrary 
of different 


have found that the reaction of digitoxin and 


above statements 
other cardiotome glycosides and aglucones with 
the fulfills 
By this means the extinction / of a test solution 
is proportionate to the light path and, if light 
paths 


Baljet reagent Lambert-Beer's law. 


are equal, directly proportionate to the 


concentration, Therefore the 


readings of ex 


* Received Tune 3, 1049, from the Staatsinstitut fur Ange 
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The Photometric Assay of Digitoxin by the 
Baljet Reaction" 


By FRITZ NEUWALD 


tinction which are obtained in different light 
paths can be calculated in a light path of 10 
mm. and we receive the extinction coefficient & 
which, multiplied with a factor (standard factor), 
shows the concentration of the colored substance. 
This paper will describe and discuss the reason for 
the validity of the different results of the Lam- 
bert-Beer law. 


EXPERIMENTAL 


Due to the kindness of Dozent Dr. R. Tschesche 
(Biochemisches Institut der Universitat Hamburg), I 
was fortunate in obtaining different samples of 
digitoxin especially prepared for research studies. 
For purposes of comparison I have used a Digitoxin 
(Merck). The experimental method employed was 
a modified Knudson-Dresbach method. The in- 
strument used was a Zeiss-Pulfrich Photometer with 
different spectral filters and absorption cells with 
different light paths. Stock solutions of the various 
samples of digitoxin in methanol pro analysi (Merck) 
were prepared and, by proper dilution with the same 
solvent, solutions containing 5, 10, 15, and 20 mg., 
respectively, per 100 cc. were obtained for each 
sample. To 10 cc. of each solution, 10 ec. of freshly 
prepared alkaline picrate reagent was added, the 
time noted, and the solution mixed well 

The reagent was made as follows of 1° 
purified trinitrophenol solution was mixed with 5 cc. 
of 10°) sodium hydroxide solution according to the 
original presciption of Knudson and Dresbach (2) 
After thirty minutes the extinction coefficient & was 
determined in the photometer at a temperature of 
20° * 1°. The blank used for the determination 
was a mixture of equal volumes of methanol, an 
alytical grade, (Merck) and the trinitrophenol re- 
agent. The accuracy of the method is about *2°. 


05 ce 


extinction 
Extinction coeflicient = 
em. of light path 

Selection of the Suitable Spectral Filter. —With 
regard to the selection of the most suitable spectral 
filter, the photometric principle is observed and the 
measurements are carried out in the region of an ab- 
sorption maximum. As described previously for 
digitoxigenin (9), the absorption curve of digitoxin 
in Fig. 1 is prepared by plotting the wave length in 
millimicrons of the effective filter gravity of the 
Zeiss spectral filters against the logarithm of ex- 
tinction of a digitoxin solution (10 mg. ©]) in a 10 
mm. absorption cell, With regard to the picrate 
reagent, the effective filter gravities and the trans- 
mission regions of the different S filters were meas- 
ured with a spectrometer.' The reading of extine 


‘IT am indebted to Dozent Dr. E. David, Physikalisches 
Institut der Universitat Hamburg, for helpful criticism 
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Figure 1. 
Log k Wavelength 
—1.5 570 my (S 57) 
—0.96 550 mu 
—0.74 540 my | 
—0,52 533 mu? (S 53) 
—0.49 530 muy | 
—0.29 520 mu |} 
—0.10 510 my 
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+004 490 mu | 
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tion is impossible at S 43. The absorption curve 
shows that filter S 53 (maximum transmission at 
529 mu; effective filter gravity, 533 my) is not suit- 
able at all, because the transmission region (520 
550 my) is situated in the steepest part of the curve. 
Because filter S 47 (effective filter gravity, 483 my) 
is also almost unsuitable, due to the very strong 
absorption of the Baljet reagent, the filter S 50 (ef- 
fective filter gravity, 500 my; maximum trans- 
mission at 490 my) is the most suitable. The trans 
mission region of this spectral filter (490-510 my) is 
situated nearly in the peak absorption. This re- 
sult agrees with that of digitoxigenin previously 
described (0 

Effect of Various Spectral Filters. —Extinction 
coeflicient-concentration curves prepared from the 
samples of digitoxin all showed good agreement with 
that obtained from the digitoxin sample (Merck) 
which was accepted as standard. The curves in 
Fig. 2 are prepared by plotting the four points of 
concentration against the corresponding mean & 
values of all samples. The original data of & values 
obtained from the various digitoxin samples are 
given in Tables I and II. Curve A was obtained 
with filter S 50 and the 5- and 10-mm. absorption 


TABLE I.-- EXTINCTION COBFFICIENT & VALUES FOR 
SOLUTIONS PREPARED FROM SEVERAL DIGITroxIN 


SAMPLES USING DIFFERENT CONCENTRATIONS AND 


Fitter 


5 Mg 10 Mg 15 Mg 20 Mg 
l 0 49 1.51 2.01 
2 0.49 1.47 106 
3 oO”) 100 150 1.99 
4 1.00 1. o8 
S41699 (Merck) 0.50 1.00 1.52 2.00 
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EXTINCTION COEFFICIENT 


ie} 5 10 15 20 
PER CENT DIGITOXIN, MG. 


Figure 2. 


Digitoxin, Extinction 
Meg. % Coefficient & 
Curve A: 5 0.50 
10 1.00 
15 1.50 
20 1.99 
Curve B: 5 0.19 
10 0.33 
15 OAT 
20 0.59 


cells. Curve B is the corresponding curve when 
filter S 53 and only the 10-mm. cell are used. The 
curve A is a straight line and it is seen that the ab- 
sorption produced by the digitoxin solutions 
follows Lambert-Beer's law closely. 
The digitoxin factor 

) 


extinction coefficient & 


concentration (mg 


F = 


is 10 under these conditions. On the contrary, 
curve B is smooth, and it is obvious that there is a 
marked divergence from Beer's law in the behavior 
of the digitoxin solutions by using a green filter with 
peak transmission at 529 my. This divergence, 
however, is only apparent, since using different ab- 
sorption cells it has been found that a solution of 5 


mg. ©} in a 30-mm. cell has the same reading as a 15 ° 


mg. ©; solution in a 10-mm.-cell and a 10 mg. “% 


solution in a 20-mm. cell, the same as a 20 mg. “] 
solution in a 10-mm, absorption cell. Bell and 
Krantz (11) have observed this also, but have con- 
cluded: “it appears that the colored substance pro- 
duced in the Baljet test follows Beer's law although 
the reaction which produces the color does not.”’ 


Tasie ll. Extraction Coerricient k VALUES FOR 
SOLUTIONS PREPARED FROM SEVERAL DIGITOXIN 


SAMPLES USING DIFFERENT CONCENTRATIONS AND 


Fitrer 53 


5 Mg 10 Mg 15 Mg 20 Mg 

1 0.19 0.34 0.47 0.59 
2 0.19 0.34 0.46 0.58 
3 0.19 0.33 0.47 0.59 
4 0.19 0.33 0.47 0.58 


$41699 (Merck) 0.19 0.33 0.47 0.59 
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TABLE III 


Composition of Baljet Reagent 


Extinction 


2 Gm. trinitrophenol / 50 cc. methanol + 0.5 Gm. NaOH /50 ec. 0.66 
2 1 Gm. trinitrophenol/5) cc. methanol + 0.5 Gm. NaOH /50 ec. HO 0.78 
3 1 Gm. trinitrophenol/90 ce. HO + 1 Gm. NaOH/10 cc. H,O 0.92 
4 0.5 Gm. trinitrophenol /90 cc. HHO + 1 Gm. NaOH/10 cc. H,O 0.96 
5 0.95 Gm. trinitrophenol /95 cc. HxO + 0.5 Gm. NaOH/5 ce. 


Effect of Various Compositions of the Baljet 
Reaction. - Table III shows typical data for five 
different experiments. To study the influence of 
various concentrations of trinitrophenol and sodium 
hydroxide, and of water and methanol as solvents 
for trinitrophenol, experiments have been carried 
out with the same stock solution of digitoxin contain- 
ing 10 mg. of the glycoside per 100 cc. methanol in 
each determination, using a 10-mm. cell, and read 
ings were made after thirty minutes. It will be 
recognized that in Experiment | the Baljet reagent 
is prepared according to the directions of the U.S. P. 
XIII, while in Experiment 2 the trinitrophenol con 
centration has been reduced 50°). In Experiments 
3, 4, and 5, the solvent for trinitrophenol was water 
instead of methanol. The composition of the re 
agent in Experiment 5 agrees with the directions of 
Knudson and Dreshach and it is obvious that under 
these conditions the color intensity 
maximum value 


reaches a 


DISCUSSION 


The validity of Lambert-Beer’s law may only be 
expected when external conditions are constant. 
To these external conditions the monochromasy of 
the used light belongs--i.e., by not using sufficient 
monochromatic light an apparent invalidity of 
Beer's law may appear, the influence of which is not 
frequently recognized. The seeming invalidity of 
Beer's law caused by nonmonochromasy can be 
eliminated if the measurements are carried out at 
constant extinction, Le., at product: 
concentration X light path. 

This way of determining the concentration of an 
unknown solution is not possible, however, in the 
photometers generally used. An insufficient mono- 
chromasy does not affect the validity of Beer’s law 
if the absorption coefficient is constant within the 
transmission This coefficient is nearly 
constant at 


constant 


region 


a maximum absorption and therefore 
the maximum transmission of the used filter should 
be identical with the maximum absorption of the 
(14) 


colored substance he filter S 50, together 


with the Baljet reagent cutting out the region 490- 
510 my with the effective filter gravity 500 mau, 
suitably fulfills this condition, while with the re- 
gions 520-550 my the filter S 53 does not. The ob- 
servations of this paper show that Beer’s law is 
valid and the reason for the different results on the 
validity of Lambert-Beer’s law in literature is the 
use of insufficient monochromatic light. 


SUMMARY 


The results of a quantitative study of the color 
reaction of digitoxin toward the Baljet reagent 
It has been 
found that the reaction follows Lambert-Beer’s 
law if a spectral filter giving a maximum ab 


have been presented and discussed. 


sorption for the colored substances is used. A 
suitable filter for digitoxin colorimetric control has 
The 
use of an alkaline trinitrophenol reagent accord- 


a maximum transmission at about 490 my. 


ing to the directions of Knudson-Dresbach has 
been proved favorable. 
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Colorimetric Determination of Histamine in 


Histamine Phosphate Injection, U. S. P.* 


Folin’s colorimetric method for the deter- 
mination of amino acids has been found ap- 
plicable to the analysis of histamine phos- 
phate injection, U. S. P. A color is devel- 
oped by treating histamine with 1,2-naphtho- 
quirone-4-sodium sulfonate which obeys 
Beer's law within the range indicated. Op- 
timum conditions for this color reaction and 
measurement have been defined. 


HE PRECISE control of histamine dosage is 

important because of its marked vasocon- 
strictor activity (1) and its use as a desensitizer in 
certain allergic conditions. Biological assays 
such as those utilizing contraction of isolated 
strips of intestine (2) are not adapted to quantita 
tive determinations. The colorimetric method as 
originally recommended by Gibauer-Fulnegg (3) 
for the estimation of histamine and as modified by 
Rosenthaler and Tabor (4) for determining 
histamine in urine and tissue extracts has been 
shown to be precise, but for routine analysis of 
relatively simpler pharmacological preparations 
this method is tedious and time-consuming. 
Moreover, phenol which is usually present as a 
preservative in the parenteral solutions, interferes. 
For adequate control of such preparations, it was 
deemed advisable to develop a more rapid proce 
dure that embodies the requisite sensitivity and 
precision. 


EXPERIMENTAL 


A general colorimetric method for amino acids 
has been proposed by Folin (5) and modified by 
France, Russell and Wilhelmi (6). In this method, 
1,2-naphthoquinone-4-sodium sultonate is permitted 
te react with the amino acid with the resultant 
formation of a striking deep red color. For hista- 
mine, the color follows Beer's law in the concentra- 
tion range of 0 to 0.08 mg. The method is rapid and 
reproducible (standard deviation *3°%). Glycerin 
and phenol, which are present in commercial hista- 
mine phosphate solutions, do not interfere with the 
determination. Ammonia and certain nitrogenous 
bases, such as the alkaloids and aminobenzenes give 
positive reactions with the reagent, but their 
presence is not encountered in histamine injections 


Reagents: 

1,2-naphthoquinone-4-sodium sul- 
fonate: Prepared from pure material daily. 500 
mg. is dissolved in water and diluted to 100 ml 
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Acid Formaldehyde: To 45 ml. of 1 N hydro- 
chloric acid add 10 ml. of glacial acetic acid, 0.5 
ml. of 40°, formaldehyde and dilute to 80 ml. 
with distilled water. 

Sodium Tetraborate (borax): Dissolve 1 
Gm. in 100 ml. of water. 

Sodium Thiosulfate: 0.1 N prepared by dis- 
solving 24.819 Gm. Na.S,O,5H,O in a liter of 
water. 

Standard Histamine: Dissolve 33 mg. of dry 
histamine dihydrochloride in water and dilute to 
100 ml. Dilute 10 ml. of this solution to 200 ml. 
Each milliliter of this solution is equivalent to 
0.01 mg. of histamine. 


PROCEDURE 


Dilute the unknown solution so that 5 ml. contain 
0.035-0.055 mg. of histamine base or an equivalent 
weight of histamine acid phosphate. 

To one of three 10-m1. volumetric flasks, add 5 ml. 
of the unknown, to the second 5 ml. of the standard 
histamine and to the third 5 ml. of water. Add 1 ml. 
of sodium tetraborate solution to each, followed by 1 
ml. of the 1,2-naphthoquinone-4-sodium sulfonate 
solution. Place the flasks in a boiling water bath for 
ten minutes then immerse in a cold water bath (4- 
10°) for five minutes. Add 1 ml. of the acid formal- 
dehyde and then 1 ml. of 0.1 N sodium thiosulfate 
to decolorize the excess reagent. Make up to 
volume, mix well, and set aside for thirty minutes. 
Transfer to matched 10-ml. absorption tubes. Read 
the color in a suitable colorimeter at a wave length 
of 425-520 mu, preferably 460. Figure 1 shows an 
absorption curve obtained on a Cary recording 
spectrophotometer showing a maximum of 463 mu. 
In this work we used a Klett colorimeter with a No. 
52 filter. The concentration of histamine is calcu- 
lated as follows: 

(a) Sample density concentration of standard 

Standard density 
= Histamine 
6 = Histamine Acid Phos- 
phate 


(b) Histamine X 2 


DISCUSSION 


As may be seen from Fig. 2, the color developed 
shows close adherence to Beer's law. For this reason 
it is possible to use such a calibration curve instead 
of preparing simultaneous standard histamine solu- 
tions each time the test is carried out. In the analy- 
sis of known solutions prepared by the use of 
reagent grade histamine hydrochloride, which had 
been previously assayed by formal titration and 
phase purity techniques, recoveries of 100° * 3% 
were obtained. The analysis of histamine phosphate 
injections obtained on the open market are reported 
in Table I. Because one of the available samples 
indicated 130°; of the labeled histamine content, it 
was deemed advisable to confirm the analyses by in- 
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Taste |.--ANALYsts OF HISTAMINE PHOSPHATE INJECTIONS OBTAINED ON THE OPEN MARKET 


Labeled 
Content, 
Manufacturer mg/ml 


A l 
B 0.55 
B O55 
Synthetic mixture containing 

histamine, phosphoric acid 

and phenol 


OPTICAL DENSITY 


500 550 600 
WAVELENGTH 
Figure | 


dependent means For this reason the samples were 
tested for nitrogen content by a micro-K jeldahl de- 
termination, using the apparatus of Kirk (7) and by 
the photometric phosphate method of Eddy and 
De Eds (8) The reasonably good agreement by 
these independent methods collaborated the original 
findings 


STUDY OF VARIABLES 


Such variables in the technique as time, tempera- 
ture, amount of reagents, and the most optimum 
wave length for the measurement of color have been 
studied 

The reagent used in this work was prepared by the 
method recommended by Folin (5) and was re 
crystallized from borax solution. This reagent was 
found to be stable in aqueous solution for periods up 
to eight hours. Commercial 1,2-naphthoquinone-4 
sodium sulfonate was found unstable unless re 
erystallized. Several substances, such as sodium 
borate, ascorbic acid, sodium sulfite and hydro 
quinone, have been added to the solution of the 
reagent in unsuccessful attempts to increase the 
stability. 


Histamine Phosphate - — ~ 
Found Found from Found from 
Colorimetrically Nitrogen Phosphate, 
ml mg./ml mg./mi. 
0.96 1.02 


Oo Ol 


i A. 
02 
MG. HISTAMINE BASE 
Figure 2 


PHOTOELECTRIC COLORIMETER READINGS 


SUMMARY 


A colorimetric photoelectric method has been 
developed whereby the U.S. P. XIIT histamine 
phosphate injection may be assayed for histamine 
by comparison with standard histamine. The 
new method is more precise than existing methods 
for determining histamine in simpler pharma 
cological preparations 
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Estrogenic Substances from Plants: I. 


Licorice root was found to contain an estro- 
genic hormone in appreciable quantity, and 
an efficient process was devised for its con- 
centration. Spectrophotometric experiments 
indicated that it is a steroid, and other evi- 
dence points to its identity with estriol. An 
antihormonal principle may also be present. 
Asclepias, helonias, and aletris were also 
found to be estrogenic. 


HE greatly increased employment of estro 

gens in therapy has recently caused scien 
tists to search for more available sources than 
previously used animal excretions. The so-called 
synthetic compounds, such as diethylstilbestrol, 
meet the need for certain purposes, but are far 
inferior to the natural hormones in potency and 
broadness of application. These natural sub 
stances, chiefly estrone, estriol, and estradiol, are 
usually obtained from the urine of pregnant 
animals, and naturally the cost of extraction 
makes them very expensive. It is known, how 
ever, that the same or physiologically related 
compounds are present in a great variety of 
vegetable materials, and it 4s possible these could 
be isolated at a great reduction in price. Fellner 
(2) found them in wheat, oats, and rice in 1925. 
A year later Dohrn, et al., demonstrated (3) that 
they are present in yeast cells, sugar beet seeds, 
potatoes, parsley roots, cherries, plums, etc., and 
the name ‘“‘tokokin"’ was suggested to designate 
this variety of estrogen, later also called ‘‘thely 
kinin.”” In 1927, Loewe, et al., found them (4) 
in the flowering parts of various plants, especially 
vellow pond roses and pussy willows. Walker 
and Janney, in 1930, showed (6) that they are 
present in many leaves, such as those of alder and 
rhubarb, and in the catkins of alder. They have 
also been found in the flowers of elderberry, lin 
den, and nettles by Much (8), in garlic by Glaser 
and Drobnik (12), and by Hassan and Wafa (16) 
in date palm pollen 
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Glycyrrhiza*t 


Only in three cases have the estrogenic sub- 
stances been isolated and identified. In the 
others the presence has been shown by the vagi- 
nal smear method of Allen and Doisy (1). In 
1933, Butenandt and Jacobi (9) extracted es- 
trone from palm kernel residue in a yield of 1S 
mg. from 50 Kg. In the same vear, Skarzynski 
(10) succeeded in isolating estriol from pussy 
willows, 5.5 mg. from 65 Kg. of raw material. In 
1947, Hassan and Wafa (16) isolated a substance 
from the date palm pollen and identified it as 
estrone. It might be noted also that estrogenic 
compounds have been made synthetically from 
plant sources; for example, Brandt and Ross 
(17) have prepared such a substance from podo- 
carpic acid, which occurs in the wood of Dacry- 
dium cupressinum. 


EXPERIMENTAL 


rhe present work was begun in 1946 during a 
pharmacological and chemical study of a proprie- 
tary mixture used in the treatment of the symp 
toms associated with dysmenorrhea and the meno- 
pause. Pharmacological and clinical bases existed 
for its value in the former, but its use in the meno- 
pause was essentially empirical, although some 
clinical evidence has since been acquired. The mix- 
ture consisted of fluidextracts of several drugs, some 
of which are official. Early experiments indicated 
that the total solids give a typical estrogenic re- 
sponse, but it soon became apparent that the mate- 
rial must be obtained in a more concentrated form 
to obtain quantitative results in the standard 
bioassay, which is essentially that of the Allen and 
Doisy (1), vaginal smear technique. 

The method for fractional separation was a modi- 
fication of that used by Pincus (15), for the isola- 
tion of phenols from urine. The dry, dealcoholized, 
extract was boiled with 15 parts of concentrated 
hydrochloric acid for seven minutes and filtered 
from the resins. The aqueous solution was ex- 
tracted with ether, which was then washed with a 
saturated solution of sodium carbonate and with 
water. The ether solution was then extracted with 
2 N sodium hydroxide, and the alkaline solution, 
after acidifying, was re-extracted with ether, and the 
solvent was evaporated to give a ‘total phenol” 
fraction 

The final product was assayed by us and by two 
commercial laboratories. The results were some 
what variable in amount, apparently depending 
upon the particular lot of material, but all showed 
considerable activity, and the highest results were 
submitted by the commercial laboratories. In terms 
of those from pure estrone as unity, they may be 
listed as 0.0005, 0.1, 0.0043, and 0.0053 
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The total phenol portion was further separated 
into individual fractions of the natural estrogens 
It was dissolved in benzene, and this solution was 
extracted with 0.3 M sodium carbonate. The re- 
sidual benzene, which by the Pincus method con- 
tains estrone and estradiol, had little or no activity, 
but the acidified aqueous solution yielded to ether a 
very potent fraction, presumably containing estriol 
if present. Doses of 0.5 to 0.8 mg. gave estrus in 
50% of the rats, a potency equal to 0.002 on the 
basis of 1 for estrone. 

In order to determine which of the ingredients in 
the original mixture is responsible for the activity, 
an alcoholic extract of each was processed to the 
total phenol stage and submitted to bioassay. The 
drugs so treated included Glycyrrhiza (Licorice) 
U. S. P., Asclepias N. F. V, Helonias N. F. V, 
Aletris N. F. VII, Cimicifuga N. F. VIII, Senecio 
N. F. V, Gentian U. S. P., Matricaria N. F. VIII, 
and Taraxacum N. F. VIII. Of these the first 
four exhibited great activity while others, including 
especially senecio and taraxacum, produced an in- 
significant degree of estrus. Glycyrrhiza appeared 
to be the most consistently and strongly active and 
selected for immediate further study. The 
work reported in this investigation is, therefore, 
confined mostly to establishing the identity of the 
estrogenic material in licorice, to determining the 
amount present, and to devising a method for its 
extraction 

The yield of total phenol from 2 Kg. of finely 
powdered licorice root was 12.2 Gm., or 0.61% 
As might be expected, the potency of this fraction 
varied from lot to lot; the most active sample had a 
maximum of 0.018 that of estrone. All of them 
evidently contained an antihormona! principle, be 
cause larger doses gave smaller activity, as illus- 
trated by the following typical example 


was 


Dose Per Cent 
Micrograms Positive 
30 80.0 
82.1 
120 34.4 
200) 


If it is assumed that the low dosage at which sig 
nificant activity was measured represents the ef- 
fective dosage, the results show that 100 parts of the 
fraction is equal to 1.87 parts of estrone, a ratio 
of 1:0.0187. The figures are of necessity approxi 
mate in view of the peculiar effect of the increased 
dosage. It may be assumed that the fraction prob 
ably contains material that inhibits the activity on 
the test animals, and that this inhibiting result be 
comes almost absolute at the higher dosage. These 
phenomena were confirmed by tests in other labora 
In any event, it was concluded that a more 
selective method of extraction was required to de 
termine the true activity 

Extraction. Separate portions of one lot of 
licorice were extracted with the following solvents 
95°, ethyl alcohol; 99°) isopropanol; benzene; 
ether; acetone; aqueous and alcoholic solutions of 
sodium hydroxide; and water. Soxhlet extraction 
was employed for the undiluted solvents and per- 
colation for the diluted solvents, except for the 
alkaline extracts which were made by digestion 
All but the last were assayed without further proc 
essing except to remove the solvent and take up the 
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residues with 95% alcohol before injection. Of all 
the solvents, the 95% alcoholic extracts were the 
most potent and were the easiest to handle; they 
produced estrus in the test animals in doses repre- 
senting 0.34 to 1 2 Gm. of the whole drug 

Although continuous extraction was preferable be- 
cause of a higher yield of total product, a sufficiently 
large apparatus was not available. Instead, 100 
pounds of licorice root was extracted by circulatory 
maceration and percolation, using alcohol as the sol- 
vent. The latter was removed by vacuum distilla 
tion, and the extract was dried in a vacuum oven at 
low temperature to give 10 pounds of dry product 
In the meantime, several 5-Kg. batches of other lots 
were extracted in a Soxhlet apparatus with the 
same solvent, giving about 12% of dry product 
The raw material in each was identified as 
authentic by Professor Heber W. Youngken of the 
Massachusetts College of Pharmacy. 

For the further isolation of the potent ingredi- 
ent, many methods were tried and several of these 
were modified in different ways. Space does not 
permit a complete description for all of these, but 
the chief procedures can be outlined 

Modified Pincus Method. The basic procedure 
has already been described, but many variations 
were made in order to obtain more potent frac 
tions. In one instance an attempt was made to 
purify the total phenols by precipitating them from 
concentrated alcoholic solution by the addition of 
excess water. This was repeated until there was no 
further rise in the melting point of the dried pre- 
cipitate. This yielded a yellow, amorphous pow- 
der that melted at 194-196° and represented 36% 
of the total phenols. ft was found to have the same 
potency in 20- to 40-mg. doses as the total phenols 
from which it was derived. Another laboratory, 
using much smaller doses, reported that the product 
had 0.001 the activity of estrone or one twentieth 
that of the total phenol fraction. Here again, it 
was found that above a certain dosage activity de 
clined to zero; for example, responses were ob- 
tained at 0.5 mg. but not at | mg 

In attempts to recrystallize the material, boiling 
water was found to give yellow, microscopic needles 
which, after drying, melted at 189.4-190.4°. They 
were not identical with the original and are believed 
to be a hydrolytic product 

In another experiment it was found that much of 
the active agent is removed by washing with so- 
dium carbonate. The washings were acidified to a 
pH of 2.5 and extracted with ether, and the re 
covered extract was assayed. It was found that a 
large portion of the total estrogenic activity of the 
drug resided in this fraction, sometimes exceeding 
the yield from the entire process 

Commercial using the modified 
Pincus method, yielded a total phenol fraction in 
smaller yield than from our extract, but estrogenic 
in 30-mg On the other hand, commercial 
Glycyrrhiza Extract U.S. P. gave inactive, aqueous, 
and products. Because of the great 
variation in potency already found, this does not 
mean that all extracts are inactive 


Modified Skarzynski Method.—Since prelimi- 
nary experiments had shown that estriol is the prob- 
able agent, we also tried the method used by Skar- 
zynski (10) in extracting this substance from pussy 
willows. The chief differences were in omitting the 
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hydrolysis and in liberating the phenols from alkali 
by treatment with carbon dioxide. Again, several 
modifications were made, as well as combinations 
with the method of Pincus. 

From these experiments, it was found that the 
hydrolysis is unnecessary for the licorice extract, 
that the potent ingredient is widely distributed in the 
various fractions, and that the previously discarded 
resin contained even more than the non-resin portion. 
This resin was of reddish brown color and pilular 
consistency and quite surprisingly dissolved com- 
pletely in 2 'N sodium hydroxide. It represented 
about 0.1% of the original drug and was active in 
10-mg. doses. 

Using this method of separation, we again ob- 
tained the substance melting at 194-196°. In 
addition, a compound was separated in colorless 
crystals from the final ether extract. This melted 
at 119-122° and proved to be benzoic acid 

Revised Method.—Using the experience of pre- 
vious separations, a method was devised to increase 
the yield of active ingredient and concentrate it in 
one fraction. In this the alcoholic residue was ex- 
tracted with peroxide-free, absolute ether that had 
been redistilled. This removed 46% of the total 
solids, the insoluble residue being inactive. The 
ethereal solution was extracted with 2 N sodium 
hydroxide, and the alkaline solution was acidified 
to pH 2.5 to precipitate resins that were discarded. 
The aqueous solution was exhausted with ether, 
and the solution so obtained was washed with 
water, dried, and evaporated in a vacuum to pro- 
duce the total phenols. The dark brown product 
was found, in doses of 20 mg., to produce a greater 
degree of estrus than 0.001 mg. of estrone. It was 
further purified by distilling off with steam about 
4% of inactive material 

Another portion of the phenols was treated with 
benzene for tne isolation of estriol. This removed 
about 60% of the material as a dark brown semi- 
solid, accompanied by a small amount of crystals 
that proved to be benzoic acid. The sodium car 
bonate extract of the benzene phase was acidified 
and yielded to ether a dark brown semisolid that 
was active in 20-mg The result seemed to 
show that benzene does not remove all of the estro 
gen, as previously observed by Bachman and Pettit 
(13) for estriol 

Modified Marrian Method. -The original Mar- 
rian (7) process was devised to isolate estriol from 
urine. After some modification, it proved to be 
the most effective in that it gave a larger amount of 
total phenols that had equal activity. The ethereal 
extract of the original material was heated on a 
water bath for thirty minutes with 5% potassium 
hydroxide, after which the solution was saturated 
with carbon dioxide and extracted with ether 
The dried, ethereal extract was treated with boiling 
acetone and, after cooling to — 10° and maintaining 
this temperature for twelve hours, filtered, and 
the acetone was removed by vacuum distillation 
The active residue was taken up in 50% alcohol, 
the solvent was removed by suction, and the resi 
due was dissolved in ether containing some alcohol 
The ethereal solution was extracted with 5% po 
tassium hydroxide, and the alkaline solution was 
acidified with hydrochloric acid and exhausted with 
ether. The ethereal solution, after being dried and 
evaporated in a vacuum, yielded a dark brown solid 
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that represented 0.075% of the original drug and 
gave estrus in 75% of the test animals in 20-mg. 
doses. 

For the further treatment of this fraction, we 
used a modification devised by Friedgood and 
Garst (18). It was dissolved in a minimum of alco- 


hol and diluted with 200 cc. of benzene; in previous 
operations it had been learned that benzene alone 
does not dissolve all of the estrogens in the phenol 


fraction. 
9% 


The benzene solution was washed with 
sodium bicarbonate, which removed large 
amounts of pigment and acidic materials, as well as 
a small quantity of the estrogen. It was then ex- 
tracted with 0.075 M secondary sodium phosphate, 
the separated aqueous solution was acidified with 
6 N sulfuric acid, and the estrogenic materials were 
removed by ether. We were able to separate by 
this method a dark brown extract representing 
0.035% of the original licorice and having an ac- 
tivity such that 2 to 3 mg. produced estrus in the 
test animals. This is the most potent fraction thus 
far separated from licorice by any method 

Since it is known that estrone and estradiol lose 
much of their activity when taken orally, whereas 
estriol retains most of it, it was decided to feed a 
group of ovariectomized rats solutions of this frac- 
tion by stomach tube, and to observe its estrogenic 
activity, if any. Doses of 5 mg. administered in 
this manner produced a complete estrogenic re- 
sponse in these test animals, showing that no appre- 
ciable inactivation had taken place. 

Absorption Spectra.—The active material was 
compared with estriol chiefly by means of absorp- 
tion spectra. Calculations based on the assays 
have shown that some 200 pounds of licorice would 
need to be processed in order to isolate a few milli- 
grams of any sterol. Several investigators (14, 
18, 19) have shown that the ultraviolet absorp- 
tions of estrone, estradiol, and estriol are very simi- 
lar, in that minimum densities occur between 248 and 
252 mu and maximum densities occur between 280 
and 282 my. Friedgood and Garst (18), have demon- 
strated that, despite this similarity, all three may be 
detected and determined accurately by application 
of the sharply separative chemical procedures we 
have used. 

The apparatus used in this study was a Hilger 
medium quartz spectograph with a Spekker photom- 
eter, and tungsten steel electrodes furnished the 
spark. The solvent employed was 95% ethanol in 
all cases. One cubic centimeter tubes were used 
throughout the tests. The absorption spectra 
were recorded on Eastman “40” 4 x 10-inch photo- 
graphic plates. The region from 220 to 380 my was 
investigated in these experiments. The ordinates 
were expressed in terms of density, i.e., E =logyw 
(Io/Ix) = density, where J, is the intensity of the 
light transmitted by the sample and /, the intensity 
of the incident beam. From these data, absorption 
curves were constructed 

The absorption curve of estriol was first deter- 
mined. A solution containing 4 y/ml. produced a 
curve in essential agreement with the literature, 
with minimum density at 252 my and maximum 
density at 280 my (curve A, Fig. 1) 

The first licorice fraction submitted to this method 
of analysis was a total phenol fraction obtained by 
the revised method from the ether extract of the 
original material. This fraction was found pre- 
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Fig. |.-Comparison of absorption spectra curves 
of estriol with those of active fractions of licorice. 
A, estriol; 8B, total phenol fraction licorice; C, 

estriol fraction licorice 

viously to be estrogenic in doses of 10 mg. Be- 
cause of the highly colored nature of its solution in 
alcohol, it was necessary to dilute 1:50,000 before 
sufficient light passed through to observe the ab 
sorption. The curve thus obtained agreed closely 
with that of the estriol sample previously tested, 
not only in maximum and minimum densities, but 
in general outline as well (curve B, Fig. 1) rhe 
minimum density occurred at 250 my and the maxi 
mum density was found at 280 mu 

Since the total phenol fraction could contain es 
trone and estradiol as well as estriol and other sterols 
of similar composition, it was separated by methods 
previously described into two fractions. The total 
estrogenic activity was found on assay to reside in 
the estriol fraction. It necessary to dilute 
1:12,000 with alcohol in order to obtain the ab- 
sorption curve (curve C, Fig. 1). The minimum 
density was found to be at 249 my and the meximum 
density occurred at approximately 280 my, both of 
these being in agreement with curves from estriol 
ind from the total phenol 

Antihormonal Principle. Several investigators of 
hormones have presented evidence for the existence 
of natural counteracting substances, and some have 
postulated that every hormone has its corresponding 
antihormone Previously in this paper we have 
recorded results of biological assays of licorice frac 
tions that seemed to corroborate such opinions 
In these the activity seemed to decrease with larger 
doses up to a certain point and then increased as the 


was 


dosage Was raised 

The results with absorption spectra gave us further 
possible evidence of this, if we should assume that 
estriol is the In their study of the 
effect of concentration of estrone, estradiol, and 
estriol, Friedgood and Garst (18) found that the 
relation between density and concentration followed 
Beer's law, and that the concentration of estrogen 
could be determined within limits by determining 
the density at the peak of 280 ma. When the three 
curves are superimposed as in Fig. 1, that for the 
diluted phenol fraction (curve B) would indicate 
nearly 100 times the activity that could be calcu 
lated by the dilution rhis is on the basis that 10 
mg. of the undiluted sample had the 
genic response asS ug.ofestriol, Inother words, the 
activity is much greater than would be indicated by 


ictive substance 


same estro 


biological assay 
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Background materials could be responsible for 
some of this increased density, but past experience 
indicates that such a radical increase could not be 
expected from impurities, especially since the maxi 
mum and minimum densities and the general shape 
of the curve remain essentially the same as with the 
pure sterol 

Non-Estrogenic Crystalline Material.—In the 
foregoing several references have been made to 
separation of a crystalline, nonestrogenic substance 
from licorice. This was a pale yellow to colorless, 
crystalline compound melting at 194-196.1°, and 
was found usually in the total phenol fraction. On 
boiling this material with water and cooling, yellow, 
microscopical crystals appeared in feathery aggre- 
gates, melting at 189.4—190.4 Chemical investiga- 
tion of these two compounds led us to believe that 
they are identical with the compounds C.oH2Osz iso- 
lated from Chinese licorice root by Houseman and 
Swift (5) in 1929, and the hydrolysis product 
CysHyOy. The latter was thought by them to be 
closely related to hydroxy-a-lapachone. 


SUMMARY 


1. The ingredients of a proprietary formula 
that is estrogenic was found to owe this property 
to glycyrrhiza, asclepias, helonias, and aletris, 
but chiefly the first. 

2. Glyeyrrhiza was found to contain in sig 
nificant amounts an estrogenic substance that 
could most practically be isolated by a modifica 
tion of the Marrian method, originally devised to 
separate estriol from urine. Ultraviolet spectro- 
photometric analysis of the extract gave absorp- 
tion spectra similar to those from the steroid es 
trogens, but the presence of estrone and estradiol 
excluded by the method of 
Some evidence was also obtained for the presence 


were extraction. 
of an antihormone. 

3. The samples of glyeyrrhiza also contained 
benzoic acid and two nonestrogenic compounds, 
which are probably identical with those isolated 
by Houseman and Swift in 1929. 
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Five alkaloids, oxyacanthine, berbamine, ber- 
berine, neprotine, and palmatine, have been 
isolated and identified from Mahonia Grif- 
fithii Takeda obtained from Bhutan. 


Botanica Mahonia was treated for a long 

time as a section of Berberis (Family Ber 
heridaceae). Fedde (1) in later years examined 
the genus Mahonia from systematic, anatomical, 
and morphological points of view ahd was of the 
opinion that \ahonia should be treated as quite 
distinct a genus from Berberis. Many alkaloids 
which are known to occur in several species of 
Berberis have also been isolated from the species of 
Mahonia in India and other countries (2). The 
chemical investigation of the Berberis plants dates 
back to the vear 1837, when Buchner (3) isolated 
berberine from the common European species, B. 
vulgaris. With the recognition of berberine in 
medicine, other sources of berberine (2) were 
looked for, and the first species of Mahonia which 
was examined was an American plant, M. aqui 


folium, from which Parsons (4) isolated, in 1882, 


the alkaloids oxvacanthine and berberine. In 
IS91, Riidel re-examined the plant and identified 
the alkaloid berbamine which was associated with 
oxyacanthine (5). Since then several species of 
Berberis have been examined chemically, but 
there is no record of Mahonia species being in- 
vestigated until 1932, when Santos and his collab 
orators (6) obtained berberine, jatrorrhizine, 
and shobakunine from M. philippensis. Six 
years later two species of Wahonia from Texas, 
M. trifoliolata and M. Swaseyi, were examined to 
obtain a fairly large percentage of berberine (7). 
In 1944, Chatterjee isolated two new alkaloids, 
urbellatine and neprotine, from a Himalayan 
species, napalensts (8). 

In the present paper, the isolation and identifi 
cation of five alkaloids from the bark of 1. 
Grifithii have been described. The plant ma 
terial was obtained from Bhutan, its place of 
occurrence, by courtesy of Mr. B. Pradhan, 
Forest Manager, Sikkim State 


* Received on August 30, 1949, from ICI Research Fel- 
low's Laboratory Department of Chemistry, University 
College of Science and Technology, 92, Upper Circular Road 
Calcutta-, India 

+ Our thanks are due to Dr. N. K. Sen, Head of the De 
partment of Chemistry, Presidency College, Calcutta, for 
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Studies on Mahonia Genus. 
Alkaloids of M. Griffithii Takeda" 


By R. CHATTERJEE and M. P. GUHAt 
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Part I. The 


EXPERIMENTAL 


Finely powdered bark (1000 Gm.) was extracted 
completely with warm ethanol (95°,). The ethanol 
was removed under reduced pressure and the sticky 
residue was treated with iced water (500 cc.) and fil- 
tered three times to get rid of the resinous matter 
The clear dark brown solution was cooled and made 
alkaline with ammonia (25°7), when a sticky amor 
phous solid separated, and the mixture was extracted 
five times with ether. The ether layer separated 
with difficulty, due to the formation of an emulsion 
with sticky matter. The aqueous layer was retained 
for further examination. 


Treatment of the Ether Layer: Separation of Oxy- 
acanthine and Berbamine 


The pale yellow colored ether layer was washed 
twice with water, and the ether was removed leaving 
a sticky mass (about 5 Gm.) which was Soxhletted 
with ether (50 cc.) which dissolved most of it. The 
solution was filtered, and the filtrate was left for a 
day or two in a refrigerator during which time color- 
less crystals, sticky with resinous matter, separated 
These were treated with a small quantity of dilute 
hydrochloric acid (5°;), when they went in solution 
The solution was filtered and allowed to stand in a re 
frigerator for a long time, when a very small quantity 
of the crystals of a hydrochloride appeared. The 
mother liquor was retained for further examination 

The Crystals. The pale yellow crude hydrochlo 
ride was dissolved in warm water and treated care 
fully with ammonia, which precipitated an amor 
phous oxyacanthine base. The base was dissolved 
in ether, and the ethereal solution on long standing in 
a refrigerator yielded a minute quantity of colorless 
needles of oxyacanthine, which when crystallized 
from methaol melted at 216° in vacuo 

The free base was not colored by ferric chloride 
solution. The hydrochloride of the base, however, 
was colored green by ferric chloride solution, on 
gentle warming. The hydrochloride gave a blue 
coloration with a mixture of ferric chloride and potas 
sium ferricyanide solution. The free base dissolved 
in concentrated nitric acid with a yellow color and 
was not colored by concentrated sulfuric acid, but on 
further mixing with concentrated nitric acid became 
reddish brown 

The Mother Liquor. The mother liquor, cooled 
and treated with sodium nitrate solution, deposited a 
very small quantity of crystals of berbamine nitrate. 
The free base was liberated from the aqueous solu- 
tion on treatment with ammonia, and was recrystal- 
lized from methanol, m. p. 155° (dee.). The base 
gave the same color reactions as the above base, 
oxyacanthine. Its hydrochloride, which was ob- 
tained as colorless needles, recrystallized from water 
and melted at 264° in vacua 
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The melting point and color reactions of the bases 
indicate them to be oxyacanthine, m. p. 216-217° 
in vacuo, and berbamine, m. p. 156° (dec.), respec- 
tively. 


Treatment of the Aqueous Layer: Separation of 
Berberine, Neprotine, and Palmatine 


The clear brown solution was treated with hydro- 
chloric acid to give a 0.1, solution of the aqueous ex- 
tract and allowed to stand overnight in a refrigerator. 
The yellow hydrochloride of the base, which was sub- 
sequently identified to be berberine, gradually crys- 
tallized out and was filtered off. The red hydrochlo- 
ride of a second base, neprotine, obtained first from 
M. nepalensis (8), separated with the yellow hydro- 
chloride. The yellow and the red hydrochlorides 
weighed 3 Gm. together, and were separated by 
fractional crystallization from ethanol. The filtrate 
was retained for further examination. 

The Yellow Crystals. These were purified by re- 
peated crystallization from ethanol, and were identi- 
fied to be crystals of berberine chloride by the ex- 
amination of some of the compounds of the base, 
berberine, liberated from the chloride, for neither the 
base nor its chloride has a sharp melting point to 
characterize it 

The Acetone Compound.—Berberine chloride 
(0.2 Gm.) was dissolved in water (20 cc.) and was 
mixed with 10°, sodium hydroxide solution (4 cc. ), 
heated to 50°, mixed with acetone (10 cc.) and 
allowed to cool when lemon yellow crystals (0.12 
Gm.) gradually separated, m. p. 166-168° (dec.). 
The crystals did not depress the melting point of an 
authentic sample of the acetone compound of ber- 
berine, m. p. 167-168 

Tetrahydroanhydroberberine.. Berberine chloride 
(4.0 Gm.) dissolved in water and reduced 
by zine dust and acetic acid by heating on the water 
bath, until the color of the mixture became pale 
yellow The mixture filtered, and 
treated with ammonia until the precipitated zinc 
hydroxide went in solution. It was then extracted 
repeatedly with ether, and on removal of ether, a 
colorless crystalline product (3.0 Gm.) was obtained, 
which was recrystallized from methanol, m. p. 172°. 
The crystals did not keep well, and they turned 
yellow gradually. They did not depress the melting 
point of tetrahydroanhydroberberine, m. p. 173°, 
prepared from an authentic sample of berberine 

The Red Crystals. The coppery-red crystals of 
the hydrochloride were purified by crystallization 
from ethanol, and were identified to be the hydro- 
chloride of the base, neprotine, by the preparation 


(dec. ). 


was 


Was cooled, 


and comparison of the characteristic picrate 

An ethanolic solution of picric acid (1 mole) was 
1 warm ethanolic solution of the hydro 
chloride (1 mole), from which, upon cooling, shining 
orange-colored crystalline needles of neprotine 
picrate were obtained, m. p. 208-210 The 
needles did not depress the melting point of the 


added to 


(dec. ) 
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picrate, m. p. 208-210° (dec.), of neprotine isolated 
from nepalensis (8). Found: N, 9.7. 
requires N, 9.5°>. 

Examination of the Filtrate.—The filtrate was 
treated with sodium acetate solution, followed by an 
aqueous solution of potassium iodide (1:1). The 
precipitated iodide (3.5 Gm.) was collected and the 
solution was rejected. 

The iodide was dissolved in warm water (1000 cc.) 
and the solution was reduced by zinc dust and glacial 
acetic acid until the color of the solution was faintly 
yellow. The solution was filtered from unreacted 
zine, and was treated with ammonia until the pre- 
cipitated zine hydroxide redissolved. The solution 
was extracted repeatedly with ether. The aqueous 
layer was rejected, and the ether layer was shaken 
with 3% potassium hydroxide solution (10 cc.) 

Treatment of the Ether Solution.——The ether solu- 
tion was evaporated and the pale yellow residue 
(2.5 Gm.) was dissolved in methanol. On fractional 
crystallization, colorless crystalline tetrahydroanhy 
droberberine, m. p. 172° (loc. cit.), was separated 
from tetrahydroanhydropalmatine which was ob 
tained in small quantity, and melted at 143-144° 
Mixed with an authentic sample of tetrahydranhy 
dropalmatine, it melted at 144° showing no depres- 
sion in its melting point. 

The Alkaline Solution. -The solution was acidified 
and processed in the usual way but insufficient prod- 
uct was obtained to enable identification. 


SUMMARY 


1. The bark of Grifithit Takeda 


which grows in Bhutan, yields altogether five 


Mahonia 


alkaloids, vic., oxvdcanthine, berbamine, and 
palmatine in traces, berberine (0.3 per cent), and 
neprotine (0.001 per cent). 

2. This is the first instance of the occurrence 
of palmatine in Mahonia species 


3. Neprotine was previously obtained from 
M. nepalensis D. C. (8), which occurs in Nepal 
and to a certain extent in Darjeeling. 

4. Neprotine has not yet been obtained from 
other species of Berberis and Mahonia growing in 
different parts of the world. 
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HE flowmeter to be described would appear to 

have the following advantages for physiological 
experiments: (a) It is made entirely of glass and so 
avoids the contamination of physiological fluids 
with traces of metal in experiments in which the 
fluid is re-perfused. (b) It is air-activated, which 
makes it convenient for the usual laboratory. 
(c) The measurement of flow is continuous, since 
during the flowmeter’s cycle of emptying, the fluid 
inflow is interrupted; after completion of the empty- 
ing cycle, the accumulated fluid at the inflow tube. 
falls rapidly through into the measuring chamber. 
(d). It possesses a wide range of sensitivity and can 
measure accurately flows of from one drop to over 
100 ml. a minute. Higher rates of flow could be 
accommodated by increasing the dimensions of the 
apparatus, notably the size of the measuring cham- 
ber itself (10 ml. in present model) and the diameter 
of the inflow tube. 

Figure 1 is a sketch of the flowmeter. On A is 
placed a tubing from a low-pressure air supply. A 
tap off that tube by means of a “'T”’ is connected to 
a Marey tambour which marks on a kymographic 
record each emptying of the flowmeter. 

For assuring a constant flow of clean air from a 
line of varying pressures, we have found the Koby 
Air Purifier and Flow Equalizer' very satisfactory. 

With the apparatus empty, the air passes up 
through B and out the holes C in the top cap of the 
flowmeter. The cap keeps dirt and dust from con- 
taminating the apparatus with its contained per- 
fusate. The perfusate whose rate of flow is to be 
measured drops into the opening at D, past the 
glass valve E, through the side-arm F into the 
main measuring chamber G. As the level of the 
fluid rises in the measuring chamber G, it lifts the 
glass bulb //, until the small rubber disk J occludes 
the opening B. The air pressure developing within 
the chamber G forces fluid back through F and so 
raises the valve E against the ground glass ring J. 
With all other escape of the fluid shut off, the ac- 
cumulated air pressure forces the fluid out through 
the side arm K. As air follows the fluid out the 


* Received November 15, 1949, from the Research De 
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side arm A the support for // is lost, and it drops to 
the bottom of the measuring chamber, so that air 
can once again escape through the exit B. Simul- 
taneously, the support for valve E is lost, so it drops 
away from J, and the accumulated inflow fluid 
above J passes down past £ through F into G. 
Li and L? represent, respectively, the lower and 
upper solid glass guides for the float. The cap 
M is attached to the apparatus through a standard 
taper joint .V to facilitate the cleaning of the ap- 
paratus. The apparatus is both sensitive and ac- 
curate and requires no critical adjustments. 
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Book Reviews 


Tablet Making By Arruur Lirtte and kK. A 
Mircuect. Northern Publishing Co. Ltd., Liver- 
pool, 1949. 121 pp. Hlustrated. 14 x 22 cm 
Price 15s 
This is a long-overdue book which is welcome to 

those who have sought an introduction to tablet 

manufacture. It describes the general construction 
of the various machines, not only tablet compres 

sors, but also coaters, granulators, driers, and mix- 

Briefly but clearly the authors direct the ad 

justing and setting of different types of machines, 

and discuss the common difficulties that may be en 
countered in compression, due to excess moisture, 
improper granulation, improper or insufficient lubri 
cant or binder, ete. Included, also, is a section de- 
voted to small-scale manufacture of tablets, wherein 
is listed the minimum equipment for satisfactory 

and efficient production. In the last of the book is a 

list of formulas, including many of the B. P. tablets, 

which gives the kinds and amounts of excipients and 
the procedures which have been found suitable for 
the particular products 

This book should be of considerable value to in 
dustrial libraries, serving as a guide to the new 
comer to the tablet department. It is a must for 
the colleges of pharmacy who teach manufacturing 

Also, it will be of value to the hospital or retail 

pharmacist who contemplates or is now engaged in 

tablet manufacture 
It is to be regretted that the book is without ref 
erences and does not lead the reader to original lit 


ers 


covering special tableting problems or to 


erature 
more advanced reading on the general subject 


The Rat in Laboratory Investigation. Ed. 2. Edited 
by Epmonp J. Farris and Q. Grireiru. J 
B. Lippincott, Philadelphia, 1949. xvi + 542 
pp. Illustrated. 15x 23.5em. Price $15 
The mere appearance of the second edition of this 

book will be good news to many investigators who 

have been keenly aware that the supplies of the first 
edition were exhausted 

Although not severely revised, the new edition has 
been modernized with critical additions. Pharma 
cologists who may feel that this field is sadly neg 
lected will be compensated in part by the extensive 
revisions in the chapter on dosages 

Any investigator in the biological sciences should 
investigate the and this book 

Probably never before has such a complete text been 

uimal. A few typical headings of 

breeding, diet, metabolism, 

Following the 


scope contents of 


written about an 
the 22 chapters are 
hematology, surgery, and diseases 
chapter on gross anatomy are detailed chapters on 
the principal systems. Each phase of the text is sup 
ported by a strong bibliography and illustrations 

While it is true that in a task of this magnitude 
each spectalist might have written his subject some 
what differently, he will think that the 
well written, could ask for very littl 


others are 


very one 


rere 


Manuel théorique et pratique d'Histologie By 
Georces and ALBERT BAUDRIMONT. 
Vigot, Paris, 1950. 635 pp. Illustrated. 21 x 27 
em. Price 3000 frances 
This theoretical and practical guide to the student 

of histology, by professors of the school of medicine 

in Bordeaux, is internationally known and re- 
nowned. The former editions have been translated 
into Portuguese 

The fourth edition embodies 627 pages and 730 
figures; it provides a wealth of information bearing 
on pharmacy. It masterfully correlates the prob- 
lems of structures, both histological and cytological, 
with the problems of functions as studied from the 
point of view of the physiologist, endocrinologist, 
and, last but not least, the pharmacist. For instance, 

Chapter 15, entitled “‘Endocrine Glands,” discusses 

the relationship between the nervous system and 

the various hormones, and Chapter 10, dealing with 
the teguments (skin, hair, sebaceous glands), is of 
special interest to those preparing ointments and 
interested in the penetration of drugs through the 
skin 

While histology is not of primary concern to the 
pharmaceutical student, still fundamental notions of 
histology, as available from this book, are a prereq- 
uisite for the understanding of physiology and 
physiopathology, which are the sciences on which 
the art of healing is grounded. Emphasis on the 
chemical aspects of pharmacy tends to overshadow 
the fact that chemical agents, when used as drugs, 

are meant to act on an individual, who reacts as a 

whole, according to the setup defined by histology 

DurRENOY 


The Anilytical Chemistry of Industrial Poisons 
Hazards, and Solvents. Ed. 2. Chemical Analysis 
series, Vol. I. By Morris B. Jacoss. Inter 
science Publishers, New York, 1949. xviii + 78S 
pp. Illustrated. 15x 24cm. Price $12. 

The second edition of this book retains the original 
organization but has been revised and enlarged to 
contain the newer information that has become 
available. There are very thorough chapters on 
sampling, estimation of dust silica and heavy metals, 
analysis of the poisonous halogens, hydrocarbons, 
alcohols, glycols, and ethers, the acids esters, alde 
hydes, ketones, phenolic compounds, aniline, and 
miscellaneous organic nitrogen compounds 

Phis book has a very suitable arrangement by pre 
senting under the heading of each individual com 
pound some description of the uses of the compound, 
thus indicating where one might expect it to con 
stitute a hazard, then briefly the physiological re 
sponse to the compound, and finally the detailed pro 
cedure for detection and determination of the ma 
terial. In most cases there is also stated the allow 
able limits of each of the toxic substances. Thus, one 
not only finds it useful for laboratory procedures but 
ilso a handy reference for the general subject of in- 
dustrial toxicology 
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For Prescription Use Only Seve over 4 feet of shelf space on complete set of 100 bottles. 
Fused labels — washable — virtually indestructible. 
Bottles sold EMPTY—wuse chemicals now in stock. 

+ Your choice of labels. 

- Easier to grip—concoave sides fit the hand. 

+ Dual labels—Latin label for display —English for work. 

+ 100 fast moving items chosen from The Prescription Study Of The 
Pharmaceutical Survey. 


MAIL THIS COUPON TO YOUR WHOLESALER TODAY. 


ENGLisnH LABEL 
OW reverse 


Zone 
set of 100 


empty New 
Bottles and bill me $12.00 
for same. These will be freight free in the U.S.A. 


Please send me list of 100 labels available in New 
Mallinckrodt Rx Shelf Bott 
of 


Years of Service lo Chemical Users 


Mallinckrodt Chemical Works 


Mallinckrodt Street, St. Louis 7, Mo. 

72 Gold Street, New York 8, N. Y. 

Chicago + Cincinnati + Cleveland * Los Angeles 

Montreal + Philadelphia © San Francisco 
niform, De pendable P. urity 
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Now EVERY laboratory can use 
modern spectrophotometric methods 


5 THE BECKMAN MODEL “B” 
accuracy ... speed . . . simplicity 
AT A NEW LOW PRICE 


The “Model B” Is 
THE ideal instrument 
For Simplifying Routine Analyses 


Regardless of the nature of your laborato 
operations—-determination of impurities, contr 
of quality, simplifying process control, col 
matching and control, or any of a wide range 
other procedures—chances are you can speed t 
your analyses and greatly simplify your work 
adopting modern spectrophotometric methods 

But remember—the accuracy and reliabi 
ity of spectrophutometric analyses are no bett 
than the instrument you use. So be sure to che 
all the features of the Beckman “Model B” Spe 
trophotometer—compare this irstrument point t 
point with eny other in its field—and you 
readily see why it is, by all standards, the ou 
standing spectrophotometer in its price range 


Spectrophotometric measure- 
ments—based on analysis of liquid, 
solid or gaseous samples by light ab- 
sorption—have become one of the 
most important methods of today’s 
process control operations. Complicated analyses requiring hours to per- 
form by standard chemical procedures are now completed in a matter 
of minutes using modern spectrophotometric methods. 

Up to the present, quality instruments have been beyond the reach 
of many laboratories. Now, however, the development of the new 
Beckman Model “B” Spectrophotometer makes available for the first 
time a precision instrument—convenient and simple to operate— yet 
versatile, accurate and low-priced. 

. The Model “B” combines many of the advancements pioneered in 
the famous Beckman Quartz and Infrared Spectrophotometers ... high 
, resolution ... wavelength and photometric accuracy ...freedom from 
stray light ... wide spectral range ... quality construction. 

It features direct reading absorbance and transmittance scales... 
complete elimination of stray light from 360 to 1000 millimicrons—less 
than 1'4% even at 320 millimicrons ...interchangeable phototubes for 
wider wavelength range ...inexpensive 
sample cells ...4-position cell carriage 
for faster readings ...and many other 
important features. 

The Model “B” is by all standards 
the outstanding instrument in its 
field. Write for full details. Beckman 
Instruments, National Technical 
Cy Laboratories, South Pasadena, 

45, Calif. 


Here is an instrument carefully engineer 
so that stray light effects are negligible .. 
instrument where readings can be reproduced 
sample after sample without “drift’’ or oth 
inaccuracies where band widths can be read 
varied to permit the high resolution required 
many analytical problems ...where a variety 
absorption cells can be used interchangeably 
provide optimum path lengths...and where mar 
other outstanding features are provided to assu 
maximum versatility, accuracy and dependabilit 

Be sure to get the full details on the mar 
money-saving, time-saving applications for tt 
Beckman ‘Model B” in today’s chemical labor< 
tories ... and on the many unique advancemen 
built into this instrument that make it such 
outstanding value in its price range. See yo 
cauthorized Beckman dealer—or write direct fd 
complete data. 


>K Beckman Instruments include: pH Meters and Electrodes * Spectrophotometers —Radioactivity Meters 
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